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ABSTRACT
A m odel of the en zym e in v er ta se  from  N eurospora c r a s s a  has been  
proposed . The native m o lecu le , w hose m olecu lar  w eight by u ltra cen tr i­
fugation m ethods has been shown to be 246. 800, w as found to be com posed  
of four p ro to m ers. The m o lecu la r  w eigh t of each  protom er would then be 
in the range of 60, 000 to 65 , 000. P ep tid e  mapping techniques w ere  used  
to d eterm in e  the num ber of ty r o s in e -  and tryptophan-contain ing p ep tid es.
T h ese  data rev ea led  that the m inim um  m o lecu la r  weight of the p ro tom er  
unit w as 6 2 ,0 0 0 . The num ber of p ep tides resu ltin g  from  try p tic-ch y m o try p tic  
d ig estio n  ind icated  that the o lig o m er  w as probably e ith er  a tr im e r  or  te tra m er . 
D iagonal e le c tr o p h o r e s is  m ethods ind icated  that th ere  w ere  three m eth ion ine- 
contain ing p ep tid es in the tryptic  d ig est. T h is  in form ation , in conjunction  
with am ino acid  com p osition  data, ind icated  that the en zym e w as com p osed  
of four p ro to m ers. The reaction  of cyanogen brom ide with the protein  re ­
su lted  in four fra g m en ts , w hich supported the co n c lu s io n s  from  m eth ionine  
diagonal ex p er im en ts . D ir ec t ob serv a tio n  of the protein  in the e lec tro n  
m ic r o sc o p e  rev ea led  a stru c tu re  which could be in terp reted  a s  being a tw o- 
d im en sion a l p rojection  of a te tra m er .
Inform ation co n cern in g  the m on om eric  com p osition  of the protom er  
w as d er ived  from  N -te r m in a l, C -term in a l and cyanogen brom ide a n a ly se s .
The N -term in a l am ino ac id  of the m onom er w as found to be co v ered  with a 
blocking group. Data from  C -term in a l am ino acid  a n a ly se s  w ith carb oxy-  
peptidase su g g e sts  that the p rotom er probably is  com posed  of two m on om eric
polyp ep tide chains. H ow ever, d ir e c t  sep aration  of the two ch a in s  by CM- 
or  D E A E -c e llu lo se  colum n chrom atography or  p rep arative  d isk  e le c tr o ­
p h o re s is  w a s not p o ss ib le . Data from  cyanogen brom ide fragm entation  
ex p er im en ts , when analyzed  with regard  to the total num ber of m ethionine  
r e s id u e s  in the o lig o m er , su g g ested  that the p rotom er w as com p osed  of 
one m on om eric  polypeptide chain.
x i
INTRODUCTION
The in versio n  of optical rotation  in so lu tio n s of su c r o se  contain ing  
grow ing y e a s t  w as f ir s t  o b served  by P e r so z  in 1833 (N euberg, 1946). 
T w en ty -sev en  y e a r s  la te r , the F rench s c ie n t is t  B erth elo t (1860) iso la ted  the 
a ctiv e  agent in y e a s t  by a lcoh o l p recip ita tion . The iso la ted  agent w as at th is  
tim e ca lled  "ferm ent in v e r s if” but haB s in c e  p o s s e s se d  many synonym s; 
am ong the m ore com m on are  in vertin , sa cc h a r a se , in v er ta se  and ^  - fr u c to -  
fu ran osid ase . The la tter  b est d e sc r ib e s  its  en zym atic  function o f c a ta iy tica lly  
sp littin g  the beta g ly c o s id ic  linkage betw een the g lu c o se  and fru cto se  m o ie tie s  
of su c r o se . E arly  in th is  cen tury, M ich a e lis  and M enten (1913) studied  the 
en zym atic  a c tiv ity  u sin g  k in etic  m ethods.
P r e c is e  stru c tu re  stu d ies on y e a s t  in v erta se  have been ham pered for  
the la st two d ecad es by the fact that m ost p artia lly  pu rified  preparation s con­
tained la rg e  q u an tities  of carbohydrate. Although the problem  of attached  
carb ohydrate s t i l l  e x is t s ,  y e a s t  in v er ta se  has now been  purified  to an exten t  
w hich has p erm itted  m ea su rem en t of m o lecu la r  w eight, am ino acid  content 
and other im portant fa c to r s  (Neumann and Lam pen, 1967; B erggren , 1967).
In terest in £  -fru c to fu ra n o s id a se  (EC 3. 2. 1. 26) or ig in ated  with the  
ob serv a tio n  by Sargent and Woodward (1965) that a mutant s tra in  of 
N eurospora c r a s s a  (tim ex), exh ib iting  a rhythm a s  ev id en ced  by a con id ia l 
banding pattern , a lso  lacked  in v er ta se  a c tiv ity . They con jectu red  that the  
in v e r ta s e - le s s  condition  w as resp o n sib le  fo r  the e x p r e ss io n  of the con id ial
1
2banding, b ecau se  the a b ility  to e x p r e s s  the rhythm  alw ays seg reg a ted  frcm  a 
g en etic  c r o s s  w ith the in v e r ta s e - le s s  condition . L ater stu d ies  ind icated  
that "tim ex" did p o s s e s s  m o le c u le s  im m unologic a lly  s im ila r  to the in v er ta se  
of w ild s tr a in s . In the even t that fu rth er s tu d ies  d em on stra te  that the in v er ­
ta s e -  lesB  condition i s  d ir e c tly  in volved  with the m ech an ism  of b io lo g ica l 
rhythm , it w ill be im portant to have som e know ledge of the stru ctu re  of the 
w ild type en zym e. T h is  would then p erm it com p arison  of the mutant protein  
to the w ild  type protein .
L oca liza tion  of the en zym e betw een  th e c e ll  w all and c e l l  m em brane led  
to the q u estion  of the p o s s ib le  advantages co n ferred  on the o rg a n ism  by the  
en zym e being located  at th is  s ite . It w as then found that the c e l l  m em brane  
w as a b a r r ie r  to su c r o se  penetration  (M arzluf and M etzenberg, 1967), hence  
en zym e lo ca liza tio n  o u tsid e  of the m em brane w as shown to be m o st im p or­
tant How the c e ll  m em brane a llo w s p a ssa g e  of a la rg e  m o lecu le  such a s  
in v er ta se  but not a sm a ll m o lecu le  lik e su c r o se  is  s t i l l  a m y stery . To obtain  
an understanding of th is  p r o c e s s  w ill n e c e s s ita te  an in sigh t into both the 
en zym e stru ctu re  and the m em b rane stru ctu re . T he fact that p u rified  in v er ­
ta se  conta in s co v a len tly  attached carb ohydrate s im ila r  to that found in the c e ll  
w all su g g e s ts  that the en zym e m ight p o s s e s s  a stru ctu ra l function in addition  
to its  en zym atic  ro le . S tru ctural in form ation  might rev ea l how th is  proposed  
secon d ary  function is  re la ted  to known stru ctu ra l com pon en ts of N. c r a s s a  
c e ll  w all
In terest in the stru ctu ra l a sp e c ts  of th is  en zy m e is  a lso  stim u la ted  by
3the know ledge to be gained in i t s  sp e c if ic ity  and m ech an ism  of action .
A ssu m in g  that en zy m e a c tiv e  s i t e s  a re  form ed  by prop er conform ational 
fo ld ing w hich r e s u lt s  fro m  the am ino acid  seq u en ce, e lu c id a tion  of the p r im ary  
stru ctu re  of the in v er ta se  m o lecu le  w ill be valuab le in s tu d ies  on tl:e a c tiv e  
s ite . To date, no p a rticu la r  am ino ac id  or  group of am ino a c id s  has been  
im p lica ted  a s  being im portant fo r  the m ech a n ism  of in v e r ta se  a c tiv ity .
It w ill be the ob jectiv e  o f th is  d is se r ta t io n  to d e sc r ib e  stru ctu ra l 
fea tu res  of the en zym e w hich in turn m ay a s s i s t  future in v e stig a to r s  in deter*  
m ining the ex a c t ro le  th is  en zym e p la y s  in the m o lecu la r  sch em e of the organ ­
is m  from  w hich It o r ig in a tes .
LITERATURE REVIEW
I. STRUCTURAL STUDIES ON GLYCOPROTEINS
G ibbons <1966) s ta te s  that g ly co p ro te in s  d iffer  b io p h y sica lly  from  
s im p le  p ro te in s  in th eir  p o ly d isp e rs ity , high d eg ree  of d im en sion a l a sy m ­
m etry  and high m o lecu la r  ch arge d en sity . T he fa c t that th ese  p ro te in s  do 
have carb ohydrate  attached m ay g iv e  r is e  to p h y sica l b eh av ior  d ifferen t from  
that n orm ally  o b serv ed  with s im p le  protein  sy s te m s .
A. E gg A lbum in:
T h is  g lycop rote in , f ir s t  obtained in c r y s ta llin e  form  by H o fm eister  in 
1690, i s  of in te r e st  b ecau se  of a num ber of unusual ch em ica l and p h y sica l 
fea tu res . O sm otic  p r e ssu r e , light sca tter in g  and fo r c e -a r e a  m ea su rem en ts  
on the p ro te in  a llow ed  W arner (1954) to ca lcu la te  a m o lecu la r  w eight of 45, 000. 
Y et, it w as shown that at cer ta in  pH v a lu e s , the p rotein  a p p ea rs  to be h e te r ­
ogen eou s under conditions of fr e e  flow  e le c tr o p h o r e s is . Starch gel e le c tr o ­
p h o re s is  betw een  pH 4, 2 -4 . 5 ind icated  that the pro te in  ts  com p osed  of two  
com pon en ts, A^ and A2 (L ongsw orth et a l. , 1940). T he h etero g en eity  w as  
even tua lly  shown to be the r e su lt  of d iffer in g  am ounts o f phosphate, the A^ 
p rotein  con ta in in g  two resid u c3  and the A2 p ro te in  contain ing one res id u e  
(P er lm an , 1955). At that tim e it did not see m  that carbohydrate p layed  a 
r o le  in the h etero g en eity .
H ow ever, if the phosphate grou p s a re  rem oved , an A3 p ro te in  r e s u lt s  
which d isp la y s , on s ta r c h -g e l e le c tr o p h o r e s is , e lec tro p h o re tic  h e tero g en eity
4
5p o ss ib ly  resu ltin g  from  a  d ifferen ce  in the am ino acid  seq u en ce  or carb ohydrate  
stru ctu re . T he carbohydrate portion  of the g ly cop rote in  c o n s is t s  of m annose  
and g lu co sa m in e  with all th ree  of the g lu co sa m in e  r e s id u e s  being N -a cety la ted  
(Clam p and Hough, 1963). Cunningham  e t a l. (1963) have obtained ev id en ce  
that so m e d eg ree  o f h etero g en eity  m ay e x is t  w ith in  the carbohydrate m oiety .
The N -term in a l am ino acid  r e s id u e s  o f egg  album in w ere  in doubt for  
quite so m e  tim e. D esn u e lle  and C asal (1948) and m any oth er w o rk ers  su g g e st­
ed that e ith er  the p rote in  w a s c y c lic  or  b locked at i t s  N -term in a l by a carb o­
hydrate m oiety . It i s  now known that the N -term in a l am ino ac id  is  acety la ted  
and has the seq u en ce N -a c e ty l-G ly -S e r -I le u -A la -  - - - (N arita , 1961; N arita  
and Ish ii, 1962). Niu and F ra en k e l-C o n ra t (1955) have e sta b lish ed  that pro­
lin e  is  C -term in a l w ith the s e q u e n c e  V a l-S e r -P r o . N a n d /o r  C -term in a l
a n a ly se s  are  ex trem e ly  im portant in d eterm in in g  w hether a p a rticu lar  protein  
is  com p osed  of one or se v e r a l d ifferen t ty p es  of polypeptide ch a in s . In the 
c a se  of egg  album in , it a p p ea rs  to be com p o sed  of only one type of chain.
B. Ovomucoid:
L in ew eaver and M urry (1947) f ir s t  stim u lated  in te r e st  in th is  p rote in  
by d em on stra tin g  that it w as one of the com pon en ts in eg g -w h ite  resp o n sib le  
for  the inhibition of tryp sin . T he study of ovom ucoid , f ir s t  iso la ted  by M drner  
in 1894, has been hindered by the lack o f e ff ic ie n t m ethods fo r  i t s  p u rifica tion  
(M elam ed, 1966). At low ion ic stren gth  and in the v ic in ity  of i t s  is o e le c tr ic  
point, ovom ucoid  i s  e lec tr o p h o re tic a lly  h etero g en eo u s. B ie r  e t  a l. (1953) 
d istin gu ish ed  fiv e  com pon en ts and show ed that the com pon en ts did not d iffer
6in th eir  an titryp tic  a c tiv ity , h ex o se  content or  sed im en tation  behavior. D if­
fe r e n c e s  in s ia l ic  acid content when a ssa y e d  by the d iphenylam ine m ethod  
v a r ied  from  1- 2% but w hether th is  1" enough to account for the o b serv ed  
h etero g en eity  is  s t i l l  open to q u estion . C h atterjee  and M ontgom ery (1963) 
have found that ovom ucoid  p rep a ra tio n s g iv e  a s in g le  sy m m e tr ica l peak on  
ultracen trifu gation .
The p h y sica l c h a r a c te r is t ic s  of the p rote in  rev ea l so m e in te r e st in g  
inform ation . Its fr ic tio n a l ra tio  of 1. 35 in d ica tes  a g lobu lar p ro te in  of 
ap p roxim ately  sp h er ica l shape, but the beh avior  of the p rote in  on gel 
filtra tio n , e sc a p e  tim e on d ia ly s is  and the d iffu sion  con stan t in d icate  that 
the protein  o ccu p ie s  a som ew hat la r g er  vo lu m e than m ost p ro te in s  of the 
sam e m olecu lar  w eight.
T he carb ohydrate m oiety  (25% by w eight) of ovom ucoid  c o n s is t s  of 
D -g lu co sa m in e  (N -a cety la ted ), D -m an n ose , D -g a la c to se  and s ia l ic  acid .
The ex a ct arran gem en t o f the carb ohydrate  on the p rotein  i s  not known but it 
is  thought to be p resen t in the form  of th ree  2 , 0 0 0 -3 , 000 m o lecu la r  w eight 
p ro sth e tic  groups (M elam ed, 1966).
C. C a se in :
In 1939 M ellander p rep ared  c a se in  from  co w 's  milk, and found th ree  
p rotein  fra c tio n s  w hich he d esig n a ted  oC -, ^  -  and “T T -casein . S in ce  then 
o( - c a s e in  has been shown to be com p osed  of J-f - c a s e in ,  ot s j - c a s e in ,  (X 82-  
c a se in , <x s -c a s e in  and -c a s e in . W ake and B aldw in (1961) have noted that 
the total num ber of c a se in  com p on en ts m ay be a s  high a s  twenty.
7P u b lish ed  m o lecu la r  w eight v a lu es  of m any c a se in  fra c tio n s  a re  incon­
s is te n t  w ith the fa c t that in m any c a s e s  it ap p ears the d eterm in ation s w ere  
m ade on m ix tu res  of com pon en ts. The m inim um  m olecu lar  w eight of ** s -  
c a se in  has been rep orted  by M anson (1961) to be 31, 000. ^  -c a se in  is  p re se n t
a s  a m onom er in eq u ilib rium  with a v ery  high m o lecu la r  w eight aggregate  
w hich upon d is so c ia t io n  at pH 11. 0 has a m o lecu la r  w eight of 17, 000 (M cK enzie  
and W ake, 1959). P re lim in a ry  m ea su rem en ts  by the A rchibald u ltra cen tr ifu ­
gation  m ethod on«H -c a s e in  at pH 12. 0 ind icated  a m olecu lar  w eigh t of 26, 000. 
O ther w o rk ers  have found v a lu es  up to 280, 000. R eason s for the apparent 
d iffe r e n c e s  are not c le a r  but p o ss ib le  h eterogen eity  of -c a s e in  h as been  
d isc u s se d  by W ake and B aldw in (1961).
C h em ical stu d ies  on the stru ctu re  of a ll the known com pon en ts of c a se in  
a re  not com p lete . J o lle s  et a l. (1962), u sin g  H  -c a s e in , w ere  unable to find  
ev id en ce  of any N -term in a l am ino acid . H ow ever, they w ere  ab le to identify  
both threonine and va lin e as being C -term in a l and hence concluded that the  
p rotein  is  com posed  of two polypeptide ch a in s. They a lso  iso la ted  the two 
ch a in s o f i^  -c a s e in , ck s -c a s e in  is  probably com p osed  of one polypeptide  
chain  s in c e  the only N -term in a l am ino acid  found w as argin ine. T h is  w as  
supported  by the finding that carb oxyp ep tid ase  A treatm en t y ie ld s  only C - 
term in a l ty ro s in e . They a lso  found that each  com ponent of c a se in  contained  
orthophosphate although it s  attachm ent v a r ied  am ong the com ponents.
M ost of the carb ohydrate in w hole c a se in  i s  found i n ^  - c a s e in  in the 
form  of g a la c to se , g a la c to sa m in e  and N -a cety ln eu ra m in ic  acid . The
8carb ohydrate  content and the am ino acid  com p osition  of the v a r io u s com ponents  
have been su m m arized  (J o lle s , 1966). A s noted by Waugh et a l. <1962), in 
understanding the o r ig in  o f the v a r io u s  m o lecu la r  fo rm s o f c a se in  it w ill be 
of u tm ost im p ortance to know which of th ese  com pon en ts a re  produced from  
synth etic  m ech an ism s and which a re  d er ived  from  p ro teo ly tic  action .
D- G lycoprotein  E n zy m es:
1. R ib on u clease  B. P lu m m er and H irs (1963) have analyzed  th is  
g lycop rote in  from  bovine p an crea tic  ju ice  and found that i t s  am ino acid  
com p o sitio n  and u ltra v io le t sp ectru m  a re  id en tica l to th ose  of r ib o n u clea se  A. 
The m o lecu la r  w eight w as 14, 700 a s  com pared  to 13 ,683  for  r ib o n u clea se  A. 
The en zym e is  thought to contain fiv e  r e s id u es  of m annose and two r e s id u es  
of g lu co sa m in e  p er  m ole  of g lycop rote in .
Other re se a rc h  by th ese  sa m e w o rk ers  has rev ea led  that the carbohydrate  
is  attached to an asp arag in e resid u e . The peptide to w hich the carbohydrate  
i s  attached has the sa m e seq uence a s  one iso la ted  from  r ib o n u clea se  A; th er e ­
fo r e . it has been su g g ested  that the am ino acid  seq u ence of the two en zy m es  
is  id en tica l (P lu m m er and H irs , 1964).
2. Serum  C h o lin este r a se . S tru ctural stu d ies  on th is  en zym e showed  
that its  e lec tro p h o re tic  m obility  m ay be a ltered  by rem oval of s ia l ic  acid  
(E cobichon and Kalow, 1963). Svensm ark  and K risten sen  (1962) found that 
rem oval of the n eu ram in ic  acid  by n eu ram in id ase  resu lted  in a sh ift of the  
is o e le c tr ic  point from  pH 3. 0 to pH 7. 0. H eilbronn (1962) rep orted  that the 
en zym e con ta in s 3. 2% s ia lic  acid , e x p r e sse d  a s  N -acety l neuram in ic acid .
911. YEAST INVERTASE
A. L ocation  and O rigin  in the C ell:
Although Sum ner and O'Kane (1948) w ere  the f ir s t  to c la s s ify  in v er ta se  
a s  a  g lycop rote in , the p o ss ib ility  that in v er ta se  w as acting  in a stru ctu ra l 
r o le  a s  w e ll a s  serv in g  an en zym atic  function  w as d isc o v er e d  when F ish e r  
and K ohtes (1951) noted that in v er ta se  w as a s so c ia te d  with large  am ounts of 
mannan (as high a s  70% in so m e p rep a ra tio n s), a known co n stitu en t of the 
c e l l  w all of y ea st.
M yrback (1957) noted that only the action  of papain or  re la ted  p ro -  
te in a s e s  r e le a se d  the en zym e from  its  in so lu b le  m oiety . He fu rth er stated  
that, "the 'native' y e a s t  in v e r ta se  should be regard ed  a s  an in so lu b le  protein  
and the so lu b iliza tio n  a s  p ro teo ly tic  r e le a s e  o f an a c tiv e  portion  of the en zym e  
m olecu le" . T he pH optim um  cu rv e  and inhibition by A g+ ion s, iod ine and 
a n ilin e  w ere  s im ila r  fo r  both the so lu b le  in v er ta se  and the in so lu b le  form , 
su g g estin g  that the a c tiv e  s i t e s  w ere  fu lly  exp osed  in the in so lu b le  sta te .
de la  F uente and S o ls  (1962) reason ed  that if ferm en tation  of a g ly co sid e  
o ccu rred  o u tsid e  the c e l l  m em b ran e, the addition of a h ex o se-tra p p in g  sy s te m  
w ould be exp ected  to in te r fe r e  w ith ferm en tation . T h eir  r e su lts  e sta b lish ed  
that -fru cto fu ra n o sid a se  of S a cch a ro m y ces c e r e v is ia e  i s  located  ex cu s iv e ly  
in a p o sition  ex tern a l to  the c e l l  m em b ran e, although they did not exclu d e the 
p o ss ib ility  of attachm ent of in v er ta se  to the c e ll  m em b rane. Islam  and 
Lam pen (1962) pursued th is  w ork fu rth er  by su b jectin g  S a cch a ro m y ces  
c e r e v is ia e  to sn a il e n zy m es  to rem o v e  c e ll  w all m ater ia l. The sp h ero p la sts
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produced by th is p r o c e ss  w ere  shown to be incapable of ferm enting su cro se  
(although they s t i l l  u tilized  g lu cose) without a lag period. A ll the in vertase  
excreted  w as shown to be in a so lub le form . With rem oval of in creasin g  
am ounts o f ce ll w a ll, an in crea sin g  fraction  of newly syn th esized  in v erta se  
w as excreted  into the m edium . They concluded that th is resu lted  from  the 
lo s s  of binding s i t e s  during rem oval of the w all m ateria l. B urger e t al.
(1961) have reached quite d ifferen t con clu sion s. They su ggest that in vertase  
is  en c losed  by m em b ranes which may be broken by m echanical or enzym atic  
action, allow ing in v erta se  to be re lea sed . T hese authors sta te  that, "the 
in v erta se  of the y ea st o ccu rs  in a soluble form  in a region of the ce ll ou tsid e  
the protop last but in sid e the c e ll  w all and not, a s  p rev iou sly  supposed, in 
com bination with insoluble ce ll structure".
H oshino e t  a l. (1964) w ere  able to fractionate in vertase  into two fraction s, 
designated  I and II, by their elution pattern s on d iethylam inoethyl-(D E A E -)cel- 
lu lo se  colum ns. Production of in v erta se  w as accom plished  under culture con­
d itions w here the concentration  of carbon sou rce  w as constant. Under th ese  
conditions, the change in the d istribution  of total in vertase  activ ity  from  the 
soluble to insoluble sta te  w as investigated . Invertase I and II w ere found to 
be p resen t in both the so lub le and insolu ble fraction s. The fact that the ratio  
of in v er ta ses  I and II w as a lm o st constant during th ese  exp erim en ts su ggested  
som e type of iso zy m e sy stem . It w as further postulated that in vertase  w as  
f ir s t  syn th esized  in a form  bound to the ce ll w all and then converted  into a 
soluble form  by the action of an enzym e s im ila r  to papain.
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T hus, in the c a s e  of y e a s t  in v e r ta se , it a p p ears that the en zym e is  
sy n th es ized  in sid e  the c e l l ,  p a sse d  through the c e ll  m em b ran e, then Is e ith er  
en c lo sed  by o r  b eco m es  attached to c e l l  w a ll m a ter ia l.
B. St ructure;
The p ro b lem s a sso c ia te d  with stru ctu ra l s tu d ies  on the y e a s t  en zym e  
have a r ise n  for  the m ost part b eca u se  o f the d if f ic u lt ie s  encountered  in 
p u rifica tio n , the m ain co n cern  being the p r e se n c e  of exogen ous carb ohydrate . 
A recen t p u rifica tion  p roced u re  d e scr ib e d  the p rep aration  of c e l l  w all in v er ­
ta se  w ith 50% carb ohydrate content (Neum an and Lam pen, 1967). They used  
m ech an ica l b reak age of y e a s t  c e l l s  a s  opp osed  to the au to lytic  p ro ced u res  
used by o th er  w o rk ers . S u lp h o-eth y l-(S E -)D E A E -S ep h ad ex  w a s u sed  to 
obtain a 1 1 3 -fold p u rifica tion  w ith a  total en zy m e reco v ery  o f 22%, Although  
the pu rified  m a ter ia l r ev e a le d  on ly  on e band on e le c tr o p h o r e s is , the shape of  
elution  c u r v e s  from  D E A E -Sephadex su g g ested  that the en zym e c o n s is ted  of 
a m ixture of m o lecu le s  with s lig h tly  vary in g  am ounts o f carbohydrate. They 
stated  that au to ly tic  p ro ced u res  em ployed  by p rev io u s  w o r k e rs  m ay have r e ­
su lted  in the form ation  of m ore  than one in v e r ta se  fo rm , a s  o b serv ed  by 
H oshino and M om ose (1966a).
The p u rification  p ro ced u res  of M yrbSck and S ch illin g  (1965) ach ieved  a 
1 , 000-fo ld  p u rifica tion  by a u to ly s is  of y e a s t  fo llow ed  by p rec ip ita tio n  of the 
crude en zym e with ethanol and e lu tion  on D E A E -c e llu lo se . M yrback rep orted  
that 90% o f the o r ig in a l polym annan could be rem oved  usin g  th is  p roced u re. 
Although the en zym e w as e lu ted  a s  a s in g le  peak from  the DEAE co lu m n s, the
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elu tion  pattern  w as not sy m m e tr ica l. T h is su g g e s ts  the p r e se n c e  of two or 
m ore en zym atic  i l ly  a c tiv e  fr a c tio n s  with s lig h tly  d ifferen t p r o p e r tie s , p o s­
s ib ly  resu ltin g  from  d ifferen t carb ohydrate  con ten ts.
B e r g g ie n  ^1967) attem pted , u n su cc e ss fu lly , to rem ove mannan from  
y e a st through the action  of -m a n n o sid a se  and a u to ly s is  at pH 6 . 0 for e x ­
tended p er io d s. The en zym e s t i l l  reta in ed  25% to 35% carb ohydrate. T h ese  
r e s u lt s  support the view  that the en zy m a tica lly  a c tiv e  s p e c ie s  is  a g lycop rote in  
with varying  carbohydrate content. I so e le c tr ic  fo cu sin g  of the p u rified  p rep a r­
ation resu lted  in a la rg e  num ber of a c tiv e  fra c tio n s . He stated  that the 
p r e se n c e  of high m olecu lar  w eight mannan m ay be the reason  that it has been  
im p o ss ib le  so  far to c r y s ta ll iz e  the enzym e.
The fact that y e a st  in v er ta se  is  a s so c ia te d  w ith c e l l  w all m a ter ia l has 
led w o rk ers  to em ploy a v a r iety  o f d ifferen t ex tra ctio n  and p u rifica tion  pro­
c ed u r es  which m ust be co n sid ered  during any d is c u s s io n  of stru ctu ra l prop­
e r t ie s  of the m olecu le ,
H oshino and M om ose (1966a) have c a rr ie d  out fu rther s tu d ies  on the I 
so lu b le  (IS) and 11 so lub le  (TIS) in v e r ta se s . Both in v e r ta se s  from  B a k er 's  
y e a st w ere  found to have an iden tica l S2 QW of 4 . 2 .  S tu d ies o f the u ltra v io le t  
absorption  sp ectra  of the two in v e r ta s e s  ind icated  conform ation  d iffe re n c e s .
IIS w as found to be m ore su sce p tib le  to s i lv e r  and m ercu ry  io n s, m ore heat 
lab ile  at a lk a lin e pH 's and m ore r e s is ta n t  to r ea c tiv a tio n  by c y s te in e  a fter  
iodine treatm ent than IS. T h ese  r e s u lt s , in addition to other in form ation , 
led  the au th ors to conclude that the IIS en zym e ap p ears to r ep re sen t a m ore
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unfolded configuration .
H oshino and M om ose (1966b) d isco v ered  an unidentified  en zym e in the 
c e l l - f r e e  ex tra ct w hich i s  capab le of con vertin g  IS to IIS and concluded that the 
IIS m ight be form ed from  new ly sy n th es ized  IS a s  a r e su lt  of the co n v ersion  
reaction .
V e ste r b e rg  and B erggren (1967) used  both m echanica l and autolytic  
p ro ced u res  to lib era te  the en zy m e, and ethanol p recip ita tion  and DEAE 
colum n chrom atography for  p u rification . The enzym e they obtained w as r e ­
so lv ed  into tw elve  in v er ta se  a c tiv ity  peaks when subjected  to is o e le c tr ic  
fo cu sin g  p ro ced u res . T heir  r e su lts  d efin ite ly  show h eterogen eity  of the 
in v er ta se  p rep a ra tio n s, but the authors o ffer  no explanation for it. The 
is o e le c tr ic  focu sin g  w as ca rr ie d  out for 48 hours at 4 C in 60% g ly c er o l, 
with the in v er ta se  ac tiv ity  being  d eterm in ed  p o la r im etr ica lly . H ow ever, 
S riv a sta v a  (1959) found that 50% g ly c er o l could inhibit 70% of in v er ta se  a c tiv ­
ity from  cru d e e x tr a c ts  of in se c t larva. S rivastava  stated  that the r e su lts  
w ere  due to a type of product inhibition exhib ited  by g ly c er o l. B erggren  
(1967a) used Sephadex gel filtra tion  to obtain a m olecu lar  w eight of 2 7 0 ,0 0 0  
and a fr ic tio n a l ra tio  f / f Q of 1 .4 , a ssu m in g  a partia l sp e c if ic  vo lu m e of
0 .7 2 5 . H is in v er ta se  preparation  contained 50% carb ohydrate, thus the  
p artia l sp e c if ic  vo lu m e m ight be too high. The sed im en tation  constant ob­
tained from  a 15-40% g ly c er o l d en sity  gradient cen trifugation  exp erim en t  
w a s 11. IS. The S tokes rad iu s w as ca lcu la ted  to be 5 8 -6 0  X .  He w as unable 
to r e so lv e  the en zym e into d is tin c t iso z y m e s  a s  had been accom p lish ed  by
14
H oshino e t  a l. (1964).
Neum ann and Lam pen (1967) prepared  y e a s t  in v er ta se  w hich contained  
a s in g le  band on p o ly a cry la m id e  e le c tr o p h o r e s is . Sedim entation  v e lo c ity  
e x p er im en ts  rev ea led  the p r e se n c e  of a m ajor peak with an S20w that varied  
with the concen tration  a ccord in g  to the fo llow in g  equation:
®20w = 000-0. 014c)
w here: c -  mg p r o te in /m l so lven t.
H igh -sp eed  sed im en tation  eq u ilib riu m  stu d ies  at en zym e con cen tra tio n s of 
0 . 25% rev ea led  a m o lecu la r  w eight o f 270, 000. T his va lu e in clu d es the  
carb ohydrate content o f 50% w hich would ind icate a  m o lecu la r  w eight of 
135, 000 fo r  the p ro te in  m oiety . S p ectrop h otom etric  titra tion  in 8 M u rea  
resu lted  in 2 -3  SH g r o u p s /m o le  of en zym e. T h is  r e su lt  w a s  con firm ed  by 
the reco v ery  of 2 . 8 r e s id u e s  of ca rb o x y m e th y lc y s te in e /m o le  of en zym e after  
reaction  w ith iod oaceta te . T hey w ere  unable to obtain  penetration  of the 
en zym e into Sephadex G200 a s  B erg g ren  (1967a) indicated is  p o ss ib le , nor 
did they rep o rt an en zym e s p e c ie s  w ith a sed im en tation  c o e ffic ien t of 4. 2S 
a s  had been found by H oshino and M om ose (1966a).
III. INVERTASE FROM NEUROSPORA CRASSA
A. B io lo g ica l and G enetic A sp ects:
T he production of in v e r ta se  is  known to be r e p r e s se d  by m annose in 
w ild -typ e  N eu ro sp o ra ; h ow ever, the ex a c t m ech an ism  of con tro l has not y e t  
been a scer ta in ed . M etzenberg (1962a) iso la ted  a mutant (V I -178) by se le c t in g  
for  poor growth on ra ffin o se  and dem on strated  that th is  m utant produced
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e lev a ted  le v e ls  of both In vertase  and treh a la se . The m utant had reduced  
in v er ta se  and treh a la se  le v e ls  in the p r e se n c e  of m annose at 23 C but w as  
not r e p r e sse d  at 35 C.
It w as p roposed  that the sy n th es is  of both e n zy m es  w as a ffected  by the 
sa m e  r e p r e s so r  m ech a n ism s and that the mutant (V I-17 8) contained gen etic  
a ltera tio n s  w hich a ltered  the le v e ls  of both en zy m es s im u ltan eou sly . The 
im p lica tion  by Su ssm an  (1961) that treh a lo se  ca ta b o lism  i s  im portant in the  
breaking of dorm ancy in N_. te tra sp erm a  sp o r es  am p lified  the im p ortan ce of 
th is  w ork. M etzenb erg  expla ined  high le v e ls  of in v erta se  and treh a la se  in 
ra ffin o se -g ro w n  cu ltu res  by the a b sen ce  of fr e e  g lu c o se  resu ltin g  from  
en zym atic  c lea v a g e  of th is  su b stra te . F r e e  g lu c o se  p resu m ab ly  r e p r e sse d  the 
form ation  of in v e r ta se . That the production of both e n z y m e s  w as coord in ate  
w as further d em on strated  by show ing that m axim um  sp e c if ic  a c tiv ity  for  
both en zy m es o ccu rred  at 150 hou rs grow th. He e stim a ted  that in g a la c to r e -  
grown N eu ro sp o ra , in v er ta se  r e p r e se n ts  about 4% of the so lu b le  protein , 
an am ount w ith in  an ord er  of m agnitude of the b io lo g ica l m axim um .
H ill and Su ssm an (1964) p resen ted  r e su lts  con trad ictin g  M etzen b erg 's  
h yp oth esis. M easu rin g  the le v e ls  of tr eh a la se  and in v er ta se  during the 
develop m en t of N eu ro sp o ra , they found that m axim um  le v e ls  of treh a la se  
o ccu rred  in ungerm inated  con id ia  and that the h ig h est le v e ls  of in v er ta se  
occu rred  in the m yceliu m  a fter  com p letion  of grow th. The sy n th e s is  of 
tr e h a la se  in the m y celiu m  w a s m o st rapid a fter  s ix  to e ight d ays o f growth  
com pared  to th ree  d ays for  in v er ta se . In addition, the peak in total activ ity
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for tr e h a la se  o ccu rred  a fter  27 d ays, w h ile  in v er ta se  a ctiv ity  peaked at 13 
d ays. They sta ted  that th e se  r e s u lt s  in d icate  that s ign ifican t d if fe re n c e s  may 
e x is t  in the r o le s  th e se  e n zy m es  play during grow th. A lso , the d ifferen t be­
havior in the le v e ls  of tr e h a la se  and in v e r ta se  a fter  activation  of the sp o re , 
a s  com p ared  to the p a ra lle l tren d s at o th er  p er io d s of the life  c y c le , i s  ev id en ce  
for a sp e c ia l ro le  of tr e h a la se  during the breaking of dorm ancy.
O ther ev id en ce  which would tend to con trad ict M etzen b erg 's  h yp othesis  
has been published by E lle r s  et a l. (1964). They found that th ere are  actually  
two fo rm s of in v e r ta se  p resen t in N eu rosp ora  m y c e lia , and d escr ib ed  a mutant 
which is  d e fic ien t in only one of th ese  en zym e fo rm s. T h ese  findings su ggested  
that the two fo rm s of the en zy m e a r e  under sep ara te  gen etic  con tro l. T h is  
su g g estio n  is  only valid  if the two in v e r ta se s  a re  not part of an iso en zy m e  
sy ste m .
G ratzner and Sheehan (1969) iso la ted  a mutant of N^  c r a s s a , S F -2 6 , 
which p rod u ces high le v e ls  of a m y la se  and in v er ta se  u | k h i  depletion  of exogen ou s  
carbon so u rce . That the sta rv in g  c e l l s  produced the two en zy m es de novo, 
w as ev id en ced  by the incorporation  of rad ioactive  am ino a c id s  into the en zy m es  
In N eu rosp ora  the gen etic  m ateria l i s  found in sev en  linkage groups, designated  
I-VII. In gen etic  c r o s s e s  the ab ility  of S F -2 6  to produce high le v e ls  of am y la se  
and in v e r ta se  seg reg a ted  a s  a s in g le  gene m utation in linkage group I. T h ese  
s tu d ies , w h ile  ind icating  so m e  type of regu latory  rela tion sh ip  in m y ce lia , are  
not a s  co m p le te  o v e r  the en tire  life  c y c le  a s  are  the stu d ies  by Hill and 
S u ssm an  (1964) with the in v e r ta se - tr e h a la se  sy stem .
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P o s s ib le  co n n ectio n s betw een in v er ta se  and the e x p r e ss io n  of b io lo g ica l 
rhyth m s h a s been the ob ject of in vestiga tion  by se v e r a l w o rk ers . Sargent 
e t al. <1966) w h ile  conducting ex p er im en ts  ch a ra c ter iz in g  a m utant stra in  of 
N. c r a s s a  (tim ex) o b serv ed  that th is mutant la ck s  in v er ta se  a c tiv ity . T im ex  
h as the ab ility  to e x p r e s s  a rhythm  o f con id iation  which o c cu rs  ev ery  22. 7 
h ou rs, i s  tem p eratu re-in d ep en d en t and ligh t s e n s it iv e  and p e r s is t s  for  14 
d ays w ithout any dam ping e ffec t. F urther ex p er im en ts  dem on strated  that th is  
ab ility  to e x p r e s s  c irca d ia n  rhythm  a lw ays seg reg a ted  with the lack  of in­
v e r ta se  a c tiv ity .
The qu estion  im m ed ia te ly  asked  w as, "Do other m utants which show  
som e type of b io lo g ica l rhythm  a lso  lack in v e r ta se ? "  D urkee e t  al. (1966) 
have shown that the 'c lock ' mutant of N. c r a s s a  which p rod u ces d is tin ct  
m y ce lia l bands o c c u r s  in linkage group V. Another group V g en e  "mad" 
w as shown to m odify the 'c lock ' phenotype, but m ention  of in v e r ta se  a c tiv ity  
in 'c lock ' w as not m ade. Rhythm has been d isp layed  with regard  to con id ia l 
form ation  by an unlinked m utant patch.
S u ssm an  e t a l. (1964) have noted that the poten tia l for  rhythm ic growth  
in the w ild type org a n ism  m ay e x is t  under cer ta in  environm ental c ircu m ­
sta n c e s . F u rth erm o re , S u ssm an  et a l. (1965) stated  that rhythm ic growth  
m ay be a sym ptom  of unbalanced m eta b o lism  lead in g  to accum ulation  of a 
grow th -in h ib itin g  su b stan ce. The 'c lock ' phenotype is  in activa ted  at high 
tem p era tu res. In exp la in in g  the e ffe c ts  of tem p eratu re  upon the 'clock ' 
m utant, he p rop osed  a m odel which su g g e s ts  that an inh ibitor of lin ear
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ex ten sio n  e x is t s  w h ose  tem p era tu re  c o e ffic ien t of form ation  v a r ie s  with 
tem p era tu re  r e la t iv e  to the c o e ffic ien t of lin ea r  ex ten sion . T h is m odel w as  
a d irec t ap p lication  of m o d els  p rop osed  e a r lie r  by H astin gs and Sw eeney  
(1957).
S argent and W oodward (1969a) have shown that NL c r a s s a  tim ex  d iffe r s  
from  the w ild  type by two g en es. The inv gen e i s  r e sp o n sib le  for  an in v er ta se  
d efic ien cy ; w h erea s , the bd gene has an unknown function. Both g e n e s  mapped  
independently from  oth er g en es  known to induce N eu rospora  rhythm icity; 
fu rth erm o re , the inv gen e w as shown not to be e s se n t ia l for  the tim ex  pheno­
type of rh yth m icity . In a te s t  conducted on 29 N eurospora s tr a in s , th ere  w as  
no c o rr e la tio n  betw een in v er ta se  lev e l and rhyth m icity , lead in g th ese  w o rk ers  
to con clu d e that rh yth m icity  is  not a d ir e c t  r e su lt  of in v er ta se  d e fic ien cy .
B . In v iv o  L ocation  of the E n zym e:
M etzenb erg  (1963) has conducted ex p er im en ts  to d eterm in e  the exact  
loca tion  of the enzym e in N eu rosp ora  in hopes that th is  inform ation w ill further  
rev ea l it s  total b io lo g ica l function. He found that a c c e s s  of su c r o se  to the 
en zym e in v ivo  is  not g rea tly  m odified  by any p erm ea b ility  b a rr ier . The 
ra tio  of su c r o se  h yd rolyzed  to ra ffin o se  hyd rolyzed  w as 4. 50 for  the con id ia l 
en zym e and 4. 55 for  the pu rified  in v er ta se . The p H -a ctiv ity  c u r v es  for  both 
the con id ia l in v e r ta se  and pu rified  in v er ta se  w ere  a lm o st id en tica l a s  w ere  
the Km v a lu es . Inhibition ex p er im en ts  w ith an ilin e  show ed e s s e n t ia lly  no 
d ifferen ce  in the inh ibition o f con id ia l o r  pure in v er ta se . F u rth erm ore , the 
con id ia l en zym e proved  to be co m p le te ly  p ro tected  from  the a ctiv ity  of p ep sin
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w h ile  the p u rified  en zy m e w as not. He concluded that the en zy m e is  probably  
located  betw een the c e ll  w all and the c e l l  m em b rane. S im ila r  ex p er im en ts  a s  
th ose  d e scr ib e d  above w e r e  c a r r ie d  out u sin g  m y c e lia  and the sam e r e su lts  
w ere  obtained, su g g estin g  that the lo ca liza tio n  of th ese  en zy m es is  probably  
the sa m e  a s  in con id ia . Sargent and W oodward (1969b) have found that m ost  
o f the w ild  type enzym e (55%-75%) cannot be w ashed fr e e  from  c e ll  d eb r is , 
thus provid ing  additional support for the h y p o th esis  that N eu rosp ora  in v erta se  
i s  located  w ith in , o r  in c lo s e  p rox im ity  to, the c e ll  w all.
T rev ith ick  and M etzenb erg  (1964) have in v estig a ted  the p o s s ib ility  that 
aggregation  of subunits o c c u r s  at the c e ll  m em bran e or  in the sp a ce  betw een  
the c e l l  w all and c e l l  m em b ran e. A s recen tly  shown by th ese  w o r k e rs , in­
v e r ta se  m ay e x is t  e ith er  a s  a heavy or  ligh t form  (M etzenberg, 1964), thus 
high co n cen tra tio n s of the light form  at the sp a ce  betw een the c e ll  m em brane  
and the c e l l  w all m ight favor aggregation  of th ese  subunits to  g iv e  the heavy  
form  of in v e r ta se . H ow ever, they found that under a w ide v a r iety  of con­
d ition s the en zy m e w hich p red o m in a tes  in sid e  the p ro to p la sts  and the form  
se c r e te d  by them  is  the heavy fo rm , ind icating  that the aggregation  of the 
subunits m u st o ccu r  at so m e  s ite  in ter io r  to the c e ll  m em b ran e, during or  soon  
after  th eir  sy n th es is . T rev ith ick  and M etzen b erg  (1966) have fu rth er extended  
th is  w ork by su g g estin g  that in tram ural in v er ta se  m ight, at a very  lim ited  
rate , pasB through so m e  of the la r g er  p o r e s  in the c e l l  w a ll, g iv in g  r is e  to 
e x tr a c e llu la r  in v e r ta se . They fu rth er  p ostu la ted  that ligh t in v er ta se  would  
e sc a p e  m ore rapid ly  than would the heavy form  and that the light in v er ta se
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w ould en r ich  that in v er ta se  w hich had b ecom e e x tra ce llu la r . U sing  
N eurospora s tr a in s  w ild  type, c r isp , o sm o tic  and a double mutant of c r isp  
and o sm o tic , they d em on strated  that an in v e r se  rela tion  e x is t s  betw een the 
fra ctio n  of the total in v er ta se  s e c r e te d  into the m edium  and the d eg ree  o f  
fraction ation , defined a s  the ratio  of the fraction  of light in v er ta se  sec r e te d  
to the fra ction  o f ligh t in v er ta se  rem ain in g  a s so c ia te d  with the c e ll .
M arzluf and M etzen b erg  (1967) have in vestiga ted  the functional s ig n if i­
can ce of tran sm em b ran e o r  in tram ural loca tion  of the enzym e. N eurospora  
which had been a c id -tre a te d  to d estro y  in v er ta se  a c tiv ity  of tim ex  conidia  
w ere  shown to be im p erm eab le  to rad ioactive  su c ro se . When th ese  conid ia  
w ere  m ixed with pu rified  in v e r ta se , norm al ra d io a ctiv e  in tern a liza tion  
p ro ceed ed , thus dem or itratin g  that cytotrop ic  r e le a s e  of a p a rticu lar  hydro­
ly tic  product from  su c r o se  w as not o ccu rr in g . F u rther exp erim en tation  
r ev ea led  that th ere  w as p r e feren ce  for  in tern a liza tio n  of g lu c o se  lab el from  
su c r o se , but that th is  pehnom enon w as ca u sed  by g lu co se  strongly inhibiting  
fr u c to se  uptake ra th er  than a cy to trop ic  r e le a s e  m echanism .
C. Structure:
R e e se  et a l. (1962) e sta b lish ed  e lec tro p h o re tic  reso lu tio n  of two and 
in som e c a s e s  m ore s u c r a s e s  from  y e a s t  and oth er fungi, but so m e  o f the 
bands m ay have resu lted  from  ^  -fr u c to sa n a se s . M etzenb erg  (1962b) 
published  a p u rifica tion  sch em e which involved  ex traction  with a ceta te  bu ffer, 
am m onium  su lfa te  fraction ation , and D EAE- and C M -ce llu lo se  chrom atography. 
The final p u rified  product had a sp e c if ic  a c tiv ity  of 18, 000 rep resen tin g
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ap p roxim ately  a  100-fo ld  p u rifica tion . Fxam ination  in the m odel E Spinco
u ltra cen tr ifu g e  at a protein  con cen tration  of 0. 4% rev ea led  a s in g le  peak with
a S20w of 10. 3 , a ssu m in g  a partia l sp e c if ic  volum e of 0. 75. The purified
en zym e contained 2. 4% h ex o sa m in e  and w as found to have an extinction  c o -
1®
e ffic ie n t at 280 nm of E 70 = 18. 6 . The K _  for  su c r o se  w as found to be
l e m  111
6 . 1 x 10~3 M.
In co n tra st, E ile r s  et al (1964) noted two bands of in v er ta se  ac tiv ity  
when crude e x tr a c ts  of N eurospora w ere  exam ined  by d isk  e le c tr o p h o r e s is .  
S evera l s tr a in s  of_N. c r a s s a  w ere  u sed  and included 6 9 -1 1 3a T s , 8 9 6 0 1 -A 
(inos~) and a varian t from  89601-A . S5 When sta ined  with a reagent that 
contained g lu c o se  o x id a se , n itro  BT and phenazine m eth osu lfa te  in the 
p r e se n c e  o f su c r o se  a s  su b stra te , the 6 9 -1 1 13a T s  and 89601-A (in os- ) 
s tr a in s  w ere  found to  p o s s e s s  two in v er ta se  bands. The S5 stra in , how ever, 
p o s s e s se d  only one band, the s lo w er  m oving one.
M etzenb erg  (1964) rep eated  the disk e le c tr o p h o r e s is  ex p er im en ts  of 
h is e a r lie r  work and found that in unfractionated  crude e x tr a c ts , two in v er ta se  
fo r m 3 w ere  p resen t. In h is  p rev io u s work only that fraction  p rec ip ita tin g  
betw een 2. 0 and 3. 2 Nl am m onium  su lfa te  had been studied . Separation  on 
p o ly a cry la m id e  gel e le c tr o p h o r e s is  of the two fo rm s indicated  d iffe re n c e s  in 
e ith er  ch arge  or  s iz e  Separation  of the two fo r m s  by Sephadex G200 filtra tio n  
ind icated that the two fo rm s d iffered  in s iz e ,  although the p o ss ib ility  of a 
d ifferen ce  in ch arge could not be overlook ed . The two fo rm s w ere  re ferred  
to a s  'heavy in v er ta se ' and 'light in v e r ta se ’. Heavy in v er ta se  w as found to be
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m uch m o re  th erm o sta b le  with a h a lf - life  at 50 C of 25 m in com pared  to 0. 5 
m in fo r  the ligh t form . F u rth er ex p er im en ts  rev ea led  that in heated  sa m p les  
of heavy in v e r ta se , ligh t in v er ta se  could be d etec ted  by gel e le c tr o p h o r e s is .  
Sodium  ch lo r id e  w as shown to in c r e a se  heat la b iliza tio n  and a c c e le r a te  the 
production of ligh t in v er ta se  from  heavy in v er ta se . T h ese  r e s u lt s  su ggested  
that heat denaturation  p roceed ed  by f ir s t  d isso c ia tio n  of heavy in v er ta se  to 
light in v er ta se  fo llow ed  by denaturation  of the la tter . U ltracen trifu ge  e x ­
p er im en ts  run under con d ition s w hich w ere  known to co n v ert heavy in v er ta se  
into light in v er ta se  rev ea led  S20W v a lu es  of 9. 8S and 5. 2S. It w as a lso  shown  
that if  g iven  su ffic ien t tim e, high p ro te in  con cen tration  and p rop er en v iron ­
m ental con d ition s, that the light in v er ta se  could r e a s s o c ia te  to y ie ld  the 
heavy form . The author f e e ls  that the 9. 8S form  r e p r e se n ts  a tra n sien t form  
which is  in a conform ation  favorab le  to c lea v a g e  into subunits.
Sargent and W oodward (1969b) have d escr ib ed  the g en e -e n z y m e  r e ­
lationsh ip  in tim ex . T he m utation resp o n sib le  for the lack of in v er ta se  
a ctiv ity  i s  thought to lie  in the stru ctu ra l gene for  in v er ta se . T h ese  con clu ­
s io n s  w ere  reach ed  by noting the p r e se n c e  of an im m u n olog ica lly  c r o s s ­
reactin g  p rote in  in the mutant and the lack o f ev id en ce  for a d e fec t in 
regu lation  of in v er ta se  a c tiv ity  or  sy n th es is .
In su m m a riz in g  what i s  known, it should be noted that the en zym e so  
far  has not been shown to be under coord inate  con tro l with any o th er  en zym e, 
w ith the p o s s ib le  excep tion  o f a m y la se . The in v e r ta s e - le s s  condition  is  not 
involved  d ir e c t ly  with b io log ica l rhythm  a s  on ce  h yp oth esized  and the location
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of the en zym e ap p ears to be in c lo s e  p rox im ity  to  the c e ll  w a ll, although  
cer ta in  p ortion s m ay be e x cr e ted  into the surrounding m ed ia . S tru cturally  
the en zym e is  com p osed  of a 'heavy' and a 'ligh t' form  w hich may rep resen t  
som e type of iso zy m e  sy ste m , although the ex a ct nature of th is  sy stem  
rem a in s to be understood .
M ATERIALS AND METHODS
I. ENZYME PURIFICATION
A. Strain* and Growth P r o c e d u r e s :
One N. c r a s s a  stra in  used  for th ese  s tu d ies  w a s d esign ated  L -5 by 
B a tes  e t  a l. (1967). T h is  stra in  w as iso la te d  from  u ltra v io le t- ir ra d ia te d  
conid ia  of STA 4 w ild  type by s e le c t in g  for  la rg e  c o lo n ie s  on la c to se  agar  
m edium . N eu rosp ora  crasB a stra in  S F -2 6  w as iso la te d  by se le c t in g  for  
in c r ea se d  starch  u tiliza tio n  (G ratzner and Sheehan, 1969) and w as the 
org a n ism  u sed  a lm o st e x c lu s iv e ly  in th is  in v estig a tio n . The growth of 
S F -2 6  on 1% su c r o se  w a s a cco m p lish ed  in th ree  sta g es: in itia l growth on 
agar s la n ts , liquid cu ltu re  grow th in 300 ml of m edium  in o n e - lite r  
E rlen m ey er  fla sk  and liquid cu ltu re  grow th in f iv e -g a llo n  pyrex ca rb o y s.
F rom  sto ck  c u ltu re s  of S F -2 6 , con id ia  w ere  rem oved  a sep tic a lly  and 
tra n sferred  onto 1. 0% su c r o se  agar s la n ts  (s e e  Appendix I). F ollow ing th is  
op eration , p erform ed  under a t is s u e -c u ltu r e  hood to p reven t contam ination  
of the lab oratory  w ith a irb orn e con id ia . the tu bes w ere  incubated in d a rk n ess  
for  th ree d ays at 34 C. T he tubes w ere  then brought into the light at room  
tem p eratu re  for  an additional two days. A con id ia l su sp en sion  w as m ade by 
adding ap p roxim ately  5 m l of s t e r i le  w ater to each  tube and shaking the  
conten ts on a vortex  sh ak er. The resu ltin g  su sp en sio n  from  each  tube w as  
tr a n sfe rr e d  to a o n e - l i te r  fla sk  and germ in ated  fo r  12 h ou rs w ithout shaking. 
Incubation p ro ceed ed  on a ro ta tory  sh ak er at 34 C for  th ree  d ays b efo re  the
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contents w ere  transferred  to a fiv e -g a llo n  carboy containing 10 l ite r s  of growth  
m edium . Heating of the carboy to 33 1 2 C w as accom plished  by p lacing an 
infrared heat lamp two fee t from  the carboy. A gitation w as provided by bub­
bling s te r ile  a ir  through the culture at a rate of 20 l ite r s  per min. P roperly  
grown cu ltu res  appeared tan in co lor  when harvested  after  60 hours of incu­
bation. P reparation  of the m edia for the agar s la n ts , the lite r  f la sk s , and 
the f iv e -g a llo n  pyrex carb oys are  d escr ib ed  in A ppendices I and II. G enerally , 
four carb oys w ere prepared at one tim e with two lam ps being used for  m ain­
tenance of tem perature during the 60-hour growth period.
B. P u rification  P roced ures:
The purification  of the enzym e w as ca rr ied  out using the p roced u res  
of M etzenberg (1963) with the follow ing changes. W et m ycelia  w ere  washed  
with cold  d is tilled  w ater and p ressed  dry with a W abash H ydraulic P r e s s  
Model 12-10S and then lyop h ilized  using a V irT is  F reeze -D ry  Apparatus 
The drying p r o c e ss  w as usually  com plete a fter  24 -48  hours and w as follow ed  
by grinding the dried  m ycelia  in a S c ien tific  Products W iley M ill using a 
m esh scr e en , s iz e  60. The dried powder w as extracted  with 0. 05 M aceta te  
buffer, pH 5. 0 (15 m l/g  m y ce lia l powder), by s tir r in g  for 1. 5 hours at 4 C.
In the f ir s t  am m onium  su lfate precip itation , the protein  fraction  precip itating  
betw een 48-78% saturation w as co llec ted  for further purification. The next 
step  u tilized  a colum n of d ieth y lam in oeth y l-(D E A E -)-ce llu lo se  ion exchanger,
4 x 30 cm . The m ixing r e se rv o ir  w as filled  with 1000 ml of 0. 02 M T r is  
(hydroxy m ethyl) am i no me thane (T ris)-H C I buffer, pH 7 .4 5 , containing 0. 001 M
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eth y len ed iam in e  te tra a ce ta te  (EDTA) and the o th er r e se r v o ir  with the sam e  
buffer contain ing 0. 3 NI NaCl. A colum n of ca rb o x y m eth y l-(C M -)ce llu lo se  
exch an ger, 2 x 20 cm , w as u sed  during the C M -ce llu lo se  chrom atography  
step . The m ixing r e s e r v o ir  in th is  c a s e  w as f illed  w ith 100 m l of 0. 005 M_ 
sodium  su cc in a te  buffer, pH 4. 1, w h ile  the other r e s e r v o ir  contained the 
sam e buffer pluB 0. 3 M NaCl. P rep aration  of the D EA E- and C M -ce llu lo se  
co lu m n s u sed  in the above p ro ced u res  w a s begun by rem oving  the f in e s , a s  
d escr ib ed  in 'M atters of F act', vo l. 2 , no. 2, published by the R eeve  Angel 
and Company. A fter  rem oval of f in e s , the su b stitu ted  c e llu lo s e  w as w ashed  
accord in g  to d ir e c tio n s  g iven  by P e te r so n  and Sober (1962).
Colum n packing w a s a cco m p lish ed  by f ir s t  f illin g  a chrom atograph ic  
colum n with buffer o f the type, m o lar ity  and pH to be used  in eq u ilibration .
A o n e -h o le  rubber stop p er, connected  to tygon tubing running to a g la s s  
r e s e r v o ir , w as p laced  into the top of the colum n. A slu rry  of d eg a ssed , 
su bstitu ted  c e llu lo s e  w a s a llow ed  to drip  at a fa s t ra le  into the colum n from  
the r e s e r v o ir  p osition ed  1-2  fe e t  above the top of the colum n. During th is  
p roced u re, the s lu rry  in the r e s e r v o ir  w as ag itated  continuously  with a 
m agn etic  s t ir r e r  to prevent c lo g g in g  o f the r e se r v o ir  ou tlet. When the colum n  
had packed to the d e s ir e d  height, the s lu rry  in the r e s e r v o ir  w a s rep laced  
with the app rop riate eq u ilib ra tin g  buffer and the flow  rate adjusted  to app roxi­
m ately  100 ml per hour. U su ally  the volum e used  fo r  equ ilibration  w as 1-2  
l i t e r s ,  depending on the s iz e  of the colum n. A ll co lu m n s w ere  s to red  at 4 C 
until used.
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B efo re  the r e u se  of substitu ted  c e l lu lo s e s ,  w ash ing of C M -ce llu lo se  
w as c a r r ie d  out a s  d e scr ib e d  above w h ile  D E A E -c e llu lo se  w as w ashed with
I. 0 M KC1. R em oval of f in e s  w as found to be u n n ecessa ry  when reu sin g  th ese  
substitu ted  c e l lu lo s e s . The brown resid u e  usu ally  found at the top of used  
co lum n s w a s d isca rd ed  b efo re  w ashing.
II. CHEMICAL METHODS
A. Q uantitative A n alyses:
1. P ro te in  D eterm in a tio n . P ro te in  d eterm in ation s w ere  p erform ed  in 
one of two w ays, depending upon the purity of the preparation . If the sam p le  
exhib ited  ev id en ce  of RNA o r  DNA. ind icated  by absorption  at 260 nm , the 
method of Lowry et a l. (1951) w as used  in the fo llow ing  m anner.
To 1. 0 m l of sam p le  w as added 5. 0 m l of Lowry R eagent C (s e e  Appendix 
III). A fter 10 m in o f incubation at room  tem p era tu re , 0 .5  m l o f R eagent D 
w as added fo llow ed  im m ed ia te ly  by v ig o ro u s shaking w ith a V ortex m ix er .
A fter two hou rs the con ten ts  of the reaction  v e s s e l  w ere  read u sin g  a K lett- 
Sum m erson  p h o to e lec tr ic  c o lo r im e te r  with #66 f ilte r . K lett read in gs w ere  
con verted  to mg protein  from  a standard cu rv e  prepared  with bovine seru m  
album in (S igm a C hem ical Com pany).
If a sa m p le  on w hich p rotein  w as to be d eterm in ed  w a s fr e e  of con tam i­
nation with RNA o r  DNA, an optical d en sity  read ing w as taken at 280 nm  
u sin g  a Beckm an D B -G  S p ectrop h otom eter. C on version  to m g p rotein  w as  
a cco m p lish ed  by d iv id ing by an extin ction  c o e ffic ien t o f 1 . 61 a s  d eterm in ed  
by B raym er (unpublished).
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2. In v erta se  A s s a y s . The type of a s sa y  used  depended upon w hether  
a q u a lita tive  or  quantitative a s sa y  w a s needed. When m on itorin g  co lu m n s o r  
when it w a s n e c e ssa r y  to check  a la r g e  num ber of sa m p le s  for a c tiv ity  b efore  
p roceed in g  to quantitative d eterm in ation , T E S-T A PE  obtained from  E li L illy  
and Co. w a s u sed  in the fo llow in g  m anner. The T E S -T A P E  w a s cut into 
diam on d -sh ap ed  p ie c e s  0. 5 - 1 .  0 cm  in length and p laced  two cm  apart on s ix -  
inch square g la s s  p la tes . T h is  operation  w as ca rr ie d  out w ithout touching  
the tape w ith the fin g ers . One sm a ll drop of 1 . 0 M  su c r o se  (reagen t grade, 
fr e e  of g lu co se) w as then p laced  on each  d iam ond-shaped  p iece  of T E S -T A P E , 
the e x c e s s  b lotted  w ith a K im -w ip e and the T E S-T A PE  diam onds a llow ed  to 
dry. In o rd er  to te s t  a sam p le  for in v er ta se  a c tiv ity , one sm a ll drop of 
sam p le  w as p laced  on the su c r o se -tr e a te d  T E S -T A P E  and a llow ed  to rea c t  
for 1 0 -2 0  m in. A change in co lo r  from  y e llo w  to green  ind icated  the p r e se n c e  
of in v er ta se  a c tiv ity .
Q uantitative a s s a y s  for  in v er ta se  a c tiv ity  w ere  routin ely  perform ed  
by adding to a 0. 4 m l sa m p le , in 0. 05 N1 a ceta te  buffer, pH 5 . 0 ,  0. 1 ml of 
su c r o se  su b stra te  (85. 5 m g /m l in d is t il le d  w ater) and incubating for 15 m in  
t  10 s e c  at 37 C (M etzenberg , 1962). T he reaction  w as stopped by p lacin g  
the reaction  tube in b o ilin g  w ater for one m in -  5 s e c , a fter  w hich 0. 5 ml 
of d is t il le d  w ater  w as added to bring the reaction  volum e to 1. 0 m l. The 
am ount of g lu c o se  r e le a se d  w a s d eterm in ed  usin g  G lu costat reagen t  
(W orthington B io ch em ica l C orporation). N ine ml of the g lu c o se  o x id a se -  
p ero x id a se - reduced chrom ogen  reagent w a s added to the 1. 0 m l sam p le .
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A fter  10 m in at room  tem p eratu re , one drop of 4. 0 N.HCL w a s added to the  
rea ctio n  m ixture to stop  the rea ctio n  and s ta b iliz e  the c o lo r . T he c o lo r  p ro- 
duced by th is  proced ure w as read  with a K lett-S u m m erson  p h o to e lec tr ic  c o lo r ­
im e te r  u sin g  a #42 f ilte r . The resu ltin g  read in gs w ere  con verted  to m g  
g lu c o se  from  a standard cu rv e  p repared  in p a ra lle l during the a s sa y  o f the 
sa m p les . A ppropriate sam p le  and su c r o se  b lanks w ere  em p loyed  during a ll 
a s s a y s . C a lcu la tion s of sp e c if ic  a c t iv it ie s  e x p r essed  in jA m o le s  su c r o se  
h y d ro ly zed /m g  p ro te in /1 5  m in w ere  done accord in g  to  the form ula:
Specific activity = !SS SUS P K /JS^. x 13 .9 .
m g p r o te in /m l
3. Am ino A cid  A n a ly s is . A ll am ino acid  a n a ly se s  w ere  p erform ed  
acco rd in g  to  the b asic  m ethods of Spackm an e t al. (1958) on a B eckm an  
A m ino A cid A n a lyzer  (Model 120 C). P ro te in  or peptide sa m p le s  w ere  
hydrolyzed  by adding to the ly o p h ilized  sam p le 2 . 0 m l of 6 . 0 constant 
b o ilin g  HC1 and heatin g  in vacuo for  12-48  h ou rs, depending upon the type 
of a n a ly s is  b ein g  p erform ed . The h y d ro ly sa te s  w ere  d ried  in a d e s s ic a to r  
o v e r  con cen trated  HgSO^ and NaOH p e lle ts  and d is so lv e d  in 0 .2  M c itr a te  
b u ffer, pH 2. 2, b e fo re  a n a ly s is .
B. Q ualita tive A n alyses:
1. P ep tid e  M apping. T ryp tic  a n d /o r  ch ym otryp tic  fin g erp r in ts  w ere  
p rep ared  accord in g  to the m ethods of H elin sk i and Yanofsky (1962) w ith the 
fo llow in g  ex cep tio n s . The d ig e s t , a fter  tryp tic  a n d /o r  ch ym otryp tic  d ig estio n , 
w as d ilu ted  1 0 -fold  b efore  b ein g  p laced  on a Dowex 50 X -2  colum n for urea  
rem o v a l. T he e lu a te  from  the colum n w a s taken to d r y n e ss  in vacuo o v e r
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con cen tra ted  hgSO^ and NaOH p e lle ts  at room  tem p eratu re . C hrom atography  
w a s done u sin g  a so lv en t of secon d ary  b utanol:form ic ac id  (90% ):water (70:10:20). 
T em p eratu re  of the V arso l coo lan t during e le c tr o p h o r e s is  varied  from  12*30 C. 
F in g erp r in ts  w ere  sta in ed  by the ninhydrin , Sakaguchi, E hrlich  or  ty ro sin e  
p ro ced u res  of E a s le y  (1965).
D ow ex 50 X -2  100-200  m esh  u sed  in the above p roced u re w as w ashed  
tw ice  with d is t il le d  w ater  by a llow in g  the r e s in  to s e t t le  betw een each  w ash ing  
and pouring off the supernatant. The r e s in  w as w ashed  four t im e s  in 5 . 0 N 
NH4 OH by the sa m e  p roced u re  then in d is t i l le d  w ater  until the supernatant 
w as no lo n ger  a lk a lin e. A fter w ash in g  four t im e s  in HC1 and then in d is t il le d  
w ater  until no lon ger  a c id ic , the r e s in  w as s to red  in the co ld  in d is tilled  
w ater.
2. C yanogen B rom id e C le a v a g e . A fter reduction  and carb oxym ethylation , 
the p u rified  in v e r ta se  w a s d is so lv e d  in 70% fo rm ic  acid  and reacted  with  
CN Br a s  su g g ested  by S te e r s  et a l. (1965). C ry sta llin e  cyanogen  brom ide from  
E astm an O rganic C h em ica ls  w as u sed  in a ll ex p er im en ts .
3. D iagonal E le c tr o p h o r e s is . D iagonal e le c tr o p h o r e s is  m ethods w ere  
u sed  in identifying the m eth ion ine p ep tid es  by fo llow in g  the p ro ced u res  o f Tang  
and H artley  (1966). A pH 3. 5 buffer sy s te m  of p y r id in e -a c e tic  a c id -w a ter  
(1:10;90) w as used  in conjugation  with the high vo ltage  apparatus of M ichl (1951).
L ocation  of p ep tid es  involved  in d isu lp h id e b r id g es  w as attem pted by 
the m ethods of Brown and H artley (1966), T ryp tic  d ig e s t  of pu rified  in v er ta se  
w as e lec tro p h o resed  at pH 3 .5  in a bu ffer sy ste m  and apparatus id en tica l to
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that used  in the m ethionine m ethods above.
A ll proced u res for  diagonal e lec tr o p h o re s is  w ere  perform ed on a s in g le  
p ie c e  o f 3MM Whatman paper, e lim in atin g  the need for cutting and stitch in g , 
a s  required  in the orig ina l p roced u res.
4. A m inoethylation and C arboxym ethylation. P ro ced u res  for the 
preparation of am inoethylated in v er ta se  w ere  th ose  used by W inslow  and 
Ingram  (1966). The ethylen im ine used  w as purchased from  K & K Labora­
to r ie s . C arboxym ethylation of in verta se  w as accom plished  u sin g  iodoacetic  
acid  by the proced u res of A nfinsen and Haber (1961).
5. Column E luate D etection  M ethods. In moBt c a s e s , protein  w as 
eluted from  gel filtration  colum n s, ion exchange colum ns or from  a p rep ara­
tiv e  d isk  e lec tro p h o res is  apparatus and w as d etected  by m easu rin g  optical 
den sity  at 280 nm. In addition to optical den sity  readings at 280 nm , two 
other m ore sen sit iv e  m ethods w ere so m etim es  em ployed.
A qualitative ninhydrin a ssa y  w as ca rr ied  out by adding 0. 1 ml of the 
fraction  being analyzed to 0. 4 ml of ninhydrin of the sam e type used in the 
am ino acid  an alyzer. T his m ixture w as placed in boiling w ater for  five  min 
then read at 570 nm using a Beckm an DB-G Spectrophotom eter. In som e  
sa m p les , dilution w as n e c essa ry  before read ings at 570 nm could be m ade.
In another qu alitative a ssa y , 0. 2 m l of 0 . 25  M NaOH w as added to
0. 1 ml of the fraction  being analyzed. T his m ixture w as hydrolyzed for two 
h ou rs at 90 C follow ed by neutralization  with 0 .2  ml of 0. 25 M HC1. The 
hyd rolysate  w as checked for  neutra lity , then 0 .4  ml of ninhydrin solution
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of the type m entioned above w as added. T h is m ixture w as placed in a boiling  
w ater bath for 5 m in and then the contents read at 570 nm. Again, in som e  
sa m p les  it w as n e c e ssa r y  to d ilute th is  m ixture before reading.
C. End T erm in a l A n a ly se s :
1. N -term in a l Amino A cid A n a lyses. N -term in a l a n a ly ses  of purified  
in v erta se  w as attem pted using  th ree  m ethods. Two phenylthiohydantoin (PTH) 
p roced u res w ere  em ployed. The f ir s t  follow ed the proced u res o f K asper et al. 
(1965) w ith final identification  of PTH am ino a c id s confirm ed by h y d ro ly sis  of 
the PTH d e r iv a tiv e s  in 6 N_HC1 at 150 C for 20 h ou rs, follow ed by quantitative  
am ino acid  a n a ly s is . Identification of the d er iv a tiv e s  w as a lso  perform ed  
u sing  chrom atography on g la s s  paper by the m ethods of Radhakrishnam urthy  
e t al. (1965). The second method follow ed the proced u res of F raenkel-C on rat 
(1954). iden tification  of the PTH am ino a c id s  in th is  method w as perform ed  
only by the g la s s  paper m ethods.
P u rified  in vertase  preparations w ere  analyzed a lso  by the m ethods of 
Gray and H artley (1963). Identification  of the 1-d im ethylam inonaphthalene- 
5-sulphonyl ch lorid e  (dansyl) d er iv a tiv es  w as accom plished  using chrom a­
tography on thin la y er  p la tes of s ilic a  gel G, em ploying various organic so lven t  
sy stem s.
2. C -term in a l Amino Acid A n a lyses. C -te im in a l a n a ly s is  w as ca rr ied  
out with carb oxypeptid ase A (bovine p an creas 3 . 4 .  2 . 1  COADFP) and carb oxy- 
peptidase B (hog p an creas 3. 4. 2. 2 COBC) purchased from  W orthington  
B ioch em ica l C orporation. C arboxypeptidase B w as a ssa y ed  for activ ity  by
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the sp ectro p h o to m etr ic  m ethod of Folk  et a l. <1960) w h ile  carb oxypep tid ase  A 
■ w a s  a ssa y e d  by p ro ced u res  of Folk  and S ch im er  (1963). In a typ ica l a n a ly s is ,  
in v e r ta se  w as d ia ly zed  overn igh t in d iB tilled  w ater  a fter  w hich optica l d en sity  
m ea su rem en ts  w ere  taken to d eterm in e  p rote in  con cen tration . The so lu tion  
w a s ly o p h ilized  to d r y n e s s  and d is so lv e d  in 1. 0 m l of 0. 05 M borate  buffer, 
pH 8 . 5 , at 0 C. C arboxypeptidase A a n d /o r  carb oxyp ep tid ase  B (one m g each ) 
w a s d is so lv e d  in the sa m e  buffer and added to in itia te  the reaction  which waB 
run at 30 C. S am p les  w ere  draw n from  the rea ctio n  m ixture at v a r io u s  t im es  
to d e term in e  the k in e t ic s  of am ino acid  r e le a s e .
In the f ir s t  s e r ie s  o f ex p er im en ts , p ro te in  w as rem oved  by p rec ip ita tion  
with tr ic h lo r o a ce tic  a c id , a fter  w hich the tr ic h lo r o a c e tic  acid  w a s rem oved  
by a d so rb in g  the am ino a c id s  o f the sa m p le  onto a D ow ex 50 co lu m n , w ash ing  
the ac id  through with d is t i l le d  w ater  and e lu tin g  the am ino a c id s  w ith 4 N NH4OH. 
T he resid u a l am ino a c id s  obtained by rem oval of the 4 N^NH4 0 H hi vacuo o v er  
H2SO4 and NaOH p e lle ts , w ere  analyzed  q u an tita tively  in a B eckm an Am ino  
A cid  A n a ly zer , M odel 120 C.
III. PHYSICAL METHODS
A. P o ly a cry la m id e  E le c tr o p h o r e s is  P r o c e d u r e s :
1. P rep a ra tiv e . The p rep a ra tiv e  p o ly a cry la m id e  g e l e le c tr o p h o r e s is  
app aratus " P o ly -P rep "  w a s  pu rchased  from  B u ch ler  In stru m ents Company.
T he p ro c ed u r es  u sed  in i t s  ap p lica tion  w ere  th o se  su g g ested  by the m anufact­
u r e r  in the B u ch ler  In stru ction  M anual en titled  "O peration In stru ction s for  
B u ch ler P rep a ra tiv e  P o ly a cry la m id e  Gel E le c tr o p h o re s is  A pparatus
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'P o ly -P r e p '" . The c h e m ic a ls  u sed  in the prep aration  of the g e ls  w ere  the  
sa m e  a s  th o se  used  in the an a ly tica l d isk  e le c tr o p h o r e s is  g e ls .
2. A n aly tica l. P ro ced u res  for  d isk  e le c tr o p h o r e s is  w ere  th ose  
d escr ib ed  by D av is  (1964) with the fo llow ing ex cep tio n s. Stock so lu tion s  
w e r e  id en tica l ex cep t in so m e  c a s e s  w h ere  v a r io u s  su rface  a c tiv e , reducing  
o r  denaturing agen ts  w e r e  added fo r  ca rry in g  out a p a rticu la r  exp erim en ta l 
d esig n . A sam p le  g e l w a s not u sed  but in stead  a ll sa m p les  w ere  d is so lv e d  
in 40% su c r o se  and p la ced  d ir e c t ly  o v er  the 0. 1 m l sp a c er  g e l. A B eck m an / 
Spinco C onstat R egulated  P ow er Supply w as used to  supply four m illia m p s  
p er  tube during e le c tr o p h o r e s is . Brnm ophenol blue w as u sed  a s  a tracking  
dye in th ose  ex p er im en ts  in which r e la t iv e  m igration  v a lu e s  w ere  needed, 
w h ile  in d isk  e le c tr o p h o r e s is  run rou tin ely  for  the pu rp ose of a scer ta in in g  
purity of In vertase  p rep a ra tio n s, no track in g  dye w as u sed . In stock  so lu tio n s  
C and D so m e  d ifficu lty  w as en cou ntered  in d is so lv in g  the N, N '-m eth y len e -  
b isa cry la m id e  (E astm an  8383), thus the in so lu b le  m a ter ia l w as filte r e d  out of 
the so lu tion  b efore  u se . F ix a tiv e -s ta in  m ade from  B uffalo B lack NBR No.
6469 (K & K L a b o ra to r ies) w a s used  only once. Staining w a s for 10 m in. 
D esta in in g  w a s a cco m p lish ed  by soak ing the g e ls  in se v e r a l ch a n g es of 7% 
a c e t ic  acid  o v e r  a p er iod  of 24 hours. All d isk s  w ere  stored  in 7% a c e tic  
acid  at room  tem p eratu re  for fu ture re fer en ce .
3. M olecu lar  W eight D eterm in ation . M olecu lar  w eight e stim a tio n  of 
the in v er ta se  p rotom er w a s c a r r ie d  out in 0 . 5% sodium  d od ecy lsu lfa te  (SDS) 
p o ly a cry la m id e  g e ls  acco rd in g  to the m ethods of Shapiro et a i. (1967).
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B. E lectro n  M icro  scop e M ethods:
F rom  p rev io u s  s tu d ies  in ou r lab oratory , it  had been d eterm in ed  that 
aqueous 1 . 0 M  AgNOg should p rovid e the b e s t  co n tra st so lu tion  for  in v er ta se , 
thus a s e r ie s  of te s t  tubes contain ing vary in g  con cen tra tion s of protein  
2 5 -2 0 0  g /m l in 1. 0 M AgNC>3 w e r e  p rep ared . P a r io d io n -co a ted  300 m esh  
cop p er g r id s , to w hich a la y er  of carbon  had been applied  using  a Kinney 
E vaporator M odel KDT G -3 P , w ere  u sed  in a ll o b serv a tio n s . Spreading of 
the co n tra st and p ro te in  so lu tio n s  w as a cco m p lish ed  by p lacin g  a sm a ll  
drop o f each  on a p rep ared  gr id  and rem o v in g  the drop a fter  one m inute  
with a fin e ly  drawn P a steu r  p ip ette  G rid s prepared  in th is  m anner w ere  
v iew ed  at an a c c e le r a t in g  vo lta g e  of 50 KV and a m agn ification  of 11, 600.
A ll o b serv a tio n s  w ere  reco rd ed  on photographic p la tes  in step  focu s and 
fu rth er m agn ified  on p o s it iv e  p r in ts.
C. G el F iltra tio n  T echniques:
A ll g e ls  used in v a r io u s g e l filtra tio n  tech n iq u es w ere  o f the Sephadex  
type pu rch ased  from  P h arm acia  C h em ica ls  Inc. G -75 , G -25 and G -15 gel 
co lu m n s w ere  used  fo r  m o lecu la r  w eight s tu d ies  a s  su g g ested  by A ndrew s  
(1964). S w ellin g  of a ll Sephadex g e ls  w a s acco m p lish ed  by the rapid sw e llin g  
p ro ced u res  su g g ested  in T ech n ica l Data Sheet No. 11 published by P h arm acia  
F in e  C h em ica ls , Inc. Colum n packing by the p ro ced u res  o f W hitaker (1963) 
w ere  u sed  in a ll c a s e s .  To d e te c t p o ss ib le  flaw s due to im p rop er packing, 
ea ch  colum n w a s te s ted  p r io r  to conducting an ex p erim en t by p erco la tin g  a  
sa m p le  of B lue D extran 2000, p u rch ased  from  P h arm acia , through the gel
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bed. Void volum e (VQ) and flow  r a te s  w e r e  a lso  d eterm in ed  u sin g  the O extran  
2000, a s  su g g ested  in T ech n ica l Data Sh eet No. 8 (a lso  published  by P h arm acia ). 
Colum n apparatus varied  depending on the p u rp ose  of the ex p erim en t, but with  
the G -75 a Type K 15 /3 0  pu rch ased  from  P h arm acia  w a s used . Sam ple ap p li­
ca tion  1 -3  m l w a s p erfo rm ed  in a d en se  so lu tion  of e ith er  urea  o r  su c r o se .
The length  of co lu m n s and tem p eratu re  at w hich the v a r io u s  f iltr a t io n s  w e re  
p erform ed  v a r ied  and w ill be d is c u s se d  a s  required  in the r e s u lt s  sec tio n .
A G -25 colum n 1 .5  cm  by 30 c m  w as routin ely  used  fo r  d esa ltin g  during a 
v a r ie ty  of ex p er im en ts .
RESULTS AND DISCUSSION
I. Initial Growth E xperim ents:
B efore  an investigation  into the structural a sp ects  of a protein  w as 
undertaken, it w as e sse n tia l that the p rotein  be purified  in am ounts su fficien t 
to allow  resea rch  to proceed  unham pered by lack o f purified  m ater ia l. At­
tainm ent of th is  p relim in ary  goal w as approached by f ir s t  seek in g  a stra in  of 
N. c r a s s a  which contained re la tiv e ly  high concen trations of in v erta se . The 
o v era ll ob jective  w as to in vestiga te  v a r io u s structural a sp e c ts  of N_. c r a s sa  
in vertase . Thus, the sou rce  of enzym e w as lim ited  to availab le s tra in s  of 
tL c r a s s a .
The m inim um  acceptab le  standards for growth w ere set at 300 m g dry 
m y celia l p o w d er /100 m l liquid cu ltu re /fo u r  days of growth. It w as determ ined  
that the sp ec if ic  a ctiv ity  of the protein  ex tracted  from  th is  dried  m y ce lia l mat 
had to be at le a st  200 to make purification  fea s ib le  by the m ethods to be 
em ployed.
F rom  p rev iou s in vestigation s (B raym er, unpublished), it had been learned  
that the h igh est in vertase  a c t iv it ie s  would probably be obtained usin g  N_. c r a s sa  
stra in  L5D grow ing on la c to se  a s  carbon sou rce  (se e  Appendix IV). With th is  
in itia l inform ation, an attem pt w as m ade to d eterm ine which growth conditions  
w ere optim al for the production of in v ertase .
The e ffe c ts  of tem perature and carbon sou rce  on the growth of stra in  L5D 
w ere  exam ined after 96 hours and are shown in T able 1. The optim um  tem perature
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T A BLE I
Q uan titative  Growth E x p er im en ts  w ith  Strain  L5D
Dry W eight (mg)*
Carbon S ou rce
30 C 33 C 35 C
1. 5% G lu co se 373 348 318
1. 5% S u cro se 396 364 341
1. 5% L a cto se 76 104 146
1. 5% G a la cto se 77 321 350
1. 5% L a cto se  
p lu s 0. 01% G lu cose 98 413 48
1. 5% G a la c to se  
p lu s 0. 01% G lu cose 92 360 10
1 T he dry w eigh t o f th e ly o p h ilized  m y c e lia l m at w a s d eterm in ed  
a fter  four d ays o f grow th in 100 ml of V o g e l's  m edia  and 
ind icated  carbon so u r ce . One m l aliquot of a conidi a su sp en sio n  
w as added to each  fla sk .
39
fo r  growth seem ed  to v a ry  w ith the carbon  so u r ce . When LSD w a s grown on
1. 5% g lu co se  or  s u c r o s e  a s  carbon so u r c e , the optim um  grow th tem p eratu re  
se e m e d  to be low er  than when the org a n ism  w a s grow n on la c to se  or  g a la c to se . 
U sing  la c to s e  or g a la c to se  a s  carbon so u rce  in com bin ation  with 0. 01% 
g lu c o se  sh ifted  the optim um  grow th tem p eratu re  to  a  point betw een 30 -35  C. 
T hus, it  w a s r e a liz e d  that any la c to s e  u sed  to grow  the o rg a n ism  at 33 C m ust 
contain  tra ce  am ounts of g lu c o se  to obtain optim um  grow th at th is  tem p eratu re . 
B eca u se  the grow th o f L5D on the la c to se  u sed  in th is  ex p erim en t did not 
m eet sp e c if ic a t io n s  ex cep t when it  con ta in ed  tr a c e  am ounts o f g lu c o se , it w as  
d eterm in ed  that a co m p a riso n  o f the v a r io u s  bran d s of la c to se  should be m ade 
to te s t  th eir  grow th poten tia l. T he r e s u lt s  of th e se  co m p a r iso n s  a re  record ed  
in  T able II. No s ig n ifica n t d if fe r e n c e s  in grow th w e re  noted betw een  any of 
the la c to s e  brands te s te d  with o r  w ithout the addition o f g lu c o se , w hich ind icated  
that e ith er  a ll  brands contained  g lu c o se  in tr a c e  am ou n ts o r  that the e ffe c t  
noted at 1,5% carbon so u rce  in T able I could not be reproduced  at 1.0% carbon  
so u r ce . An app roxim ate 100% in c r e a se  in grow th w a s  noted by in c r ea s in g  the 
la c to s e  co n cen tra tion  from  1 .0  to 1. 5%. Although th is  ind icated  that it w as 
p o s s ib le  to m ee t m inim um  stan d ard s of grow th w ith  LSD grow n on la c to se , 
the sp e c if ic  a c t iv it ie s  f e l l  far  sh o rt of the m in im um  value o f 200. Further  
ex p e r im en ts  w ith w ild  type 74A and L5D at h igh er  la c to se  co n cen tra tio n s ind i­
ca ted  that although the growth o f both 74A and L5D could  be in c r ea se d , the 
sp e c if ic  a c tiv ity  v a lu es  cou ld  not be im p roved  (T ab le III).
Two oth er s tr a in s  w ere  exam in ed  for  th e ir  grow th and sp e c if ic  a c tiv ity
TABLE n
LSD Growth on L actose
Source o f L actose
R esponse to Substrate
1% L actose
1% L actose  
+0. 01% G lucose 1. 5% L actose
D ry1
W eight
(mg)
Sp ecific2
Activity
Dry
Weight
(mg)
Specific
Activity
Dry
Weight
(mg)
Specific
Activity
Sargent 387 — 386 — 663 92
Bacto 403 — 383 — 660 127
B akers 382 — 341 — 620 114
Sucrose Control 361 — — — — —
* The dry weight of the lyophilized m ycelia l mat w as determ ined after four days of growth at 33 C in 
100 ml of V ogel's medium plus lactose F ive ml aliquot of a conidial suspension  w as added to each  
flask.
2 The sp ecific  a c tiv itie s  in the 1.5% lactose  so u rces  w ere  determ ined on the lyophilized powder and 
are presented  a s  i m oles su cro se  hyd rolyzed /m g protein /15 min.
o
TABLE in
N eurospora c r a ssa  Growth on L actose
P ercen t of L actose in Medium
Strain 1% 2% 3% 4% 5% 6%
D ry1 Sp. 2 Dry Sp. Dry Sp. Dry Sp. Dry Sp. Dry Sp.
Wt. Act. Wt. Act. Wt. Act. Wt. Act. Wt. Act. Wt. Act.
74 A 78 132 — 255 --------- 308 14 326 97 377 90
L5D —  --------- --------- — 825 23 540 105 —  --------- --------- ----------
Dry Wt. -  Dry Weight (mg). The dry weight of the lyophilized m ycelia l mat w as determ ined after four days 
of growth at 33 C in 100 ml of V ogel's medium plus lactose. Equal aliquots of a conidial suspension w ere  
added to each flask.
2
Sp. Act. = Specific A ctivity. The sp ecific  a c tiv itie s  w ere  determ ined on crude extracts and are presented  
a s  n  m oles su crose  hydrolyzed /m g p r o te in /15 min.
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p oten tia l. T he data in T able IV ind icated  that s tra in  SF-26 grow n on su c r o se  
would p rovid e the b est so u rce  of th o se  te s ted  fo r  crude ln v er ta se  and w a s the 
o rg a n ism  used  a lm o st e x c lu s iv e ly  in th is  in v estig a tio n . M axim um  production  
o f in v er ta se  o ccu rred  at 60 h ou rs a fter  inocu lation  of the te n - l ite r  carb oys  
(T ab le V).
II. E vidence R elatin g  to the Num ber of D is s im ila r  P o ly p e p tid es :
In o rd er  to obtain ev id en ce  co n cern in g  the nature of subunit arran gem en t  
of the in v er ta se  m o lecu le , in v estig a tio n s  into the num ber of d ifferen t N -term in a l 
and C -term in a l am ino ac id  r e s id u e s  w ere  p erform ed . B efore  data of th is type 
could  be used  for the above p u rp ose, s e v e r a l a ssu m p tio n s had to be m ade.
F ir s t ,  the p ro tom er ch a in s  m u st contain  d ifferen t N -term in a l am ino a c id s  a n d /o r  
C -term in a l am in o a c id s  if only the end term in a l am ino ac id  w as to be u sed  in 
d eterm in in g  the num ber of d ifferen t ch a in s. If two ch a in s, fo r  exam p le , w ere  
to contain  the sam e N -term in a l am ino acid , th is  cou ld  lead  to fa ls e  co n c lu s io n s . 
S econ d ly , the ch a n ces  of d is s im ila r  polypeptide ch a in s having the sa m e  C - and 
N -term in a l am ino a c id s  w as a ssu m ed  to be qu ite rem o te , thus a llow in g  one to 
ch eck  co n c lu s io n s  from  N -term in a l data w ith C -term in a l a n a ly s is  data. A lso , 
it w as a ssu m ed  that branching of the polyp ep tid e chain  through lin k a g es with  
a sp a ra g in e ,g lu ta m in e , a sp a r tic , g lu tam ic  or  ly s in e  d o es  not occu r.
A. N -term in a l Am ino A cid A n a ly s is
1. "Pansy!" M ethods. B efo re  p ro ceed in g  w ith the d eterm in ation  of the 
N -term in a l am ino ac id  of in v e r ta se , the p ro ced u res  a s  d e scr ib e d  in the m a ter ia ls  
and m ethods chapter w ere  eva lu ated  by p erform in g  the end term in a l a n a ly s is  on
TABLE IV
Neurospora Growth on 2% Carbon Source
Carbon Source
L actose Sucrose M altose Fructose
Strain D ry1
Weight
(mg)
Specific^
Activity
Dry
Weight
(mg)
Specific
A ctivity
Dry 
Weight 
. (mg)
Specific
Activity
Dry
Weight
(mg)
Specific
Activity
Z 284 362 427 174 580 124 510 180
S F -26 64 I860 507 3060 568 2200 341 2380
LSD 539 226 576 153 535 192 558 177
1 The dry weight of the lyophilized m ycelia l mat w as determ ined after four days of growth at 33 C in 100 ml of 
V ogel's m edium  plus carbon source. Equal aliquots of a conidial suspension w ere added to each flask.
2
The sp ecific  a c tiv itie s  w ere  determ ined on crude ex tracts  and are presented a s  j j  m oles su crose  hydrolyzed/ 
mg p r o te in /15 min.
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TABLE V
Production of Invertase by N. c r a s s a  Strain  S F -26  Grown on 1% S u crose
Hours of 
Growth
Dry Weight^
(mg)
Specific^
A ctivity
24 216 17
36 778 179
48 1020 306
60 989 318
72 889 292
84 877 281
* T w elve o n e -lite r  fla sk s  containing 300 m l o f V ogel's  m edium  
plus 1% su c ro se  w ere  inoculated with 2 m l of S F -26  conidial 
su sp en sion  and incubated at 25 C.
2
Dry weight determ ined  on lyoph ilized  m ycelia l mat
Specific  activ ity  w as determ ined  on the pH 5. 0 aceta te  buffer 
extract from  the lyophilized  m y ce lia l m at and is  ex p ressed  a s  
jiA m o les su c ro se  h yd ro lyzed /m g  p ro te in /1 5  min.
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Iysozym e, the N -term in a l of which i s  ly s in e . The r e su lts  from  thin layer  
chrom atography of the hydrolyzed "dansyl" Iysozym e revea led  one flu o rescen t  
spot with a re la tiv e  m igration  identical to "dansyl" (di) ly s in e  d er iv a tiv e  run 
in an adjacent chrom atography channel (Table VI). Thus, it seem ed  that the 
proced u res for N -term in a l am ino acid  a n a ly s is  w ere  valid  and could be used  
in the determ ination  of the N -term in a l am ino acid  of in v erta se . The sam e  
p roced u res for "dansylation" and h y d ro ly sis  w ere  follow ed using purified  
in v erta se . The r e su lts  from  th ese  ex p er im en ts  are  shown in T ab les VII and 
VIII. The in ten sity  of the flu o rescen t sp ots w as grea tly  reduced re la tiv e  to 
that ob served  with Iysozym e, although approxim ately  the sam e w eight (10 mg) 
of protein  had been used  for the in itia l reaction .
If the m olecu lar w eights of the two p ro te in s are  not s im ila r , the above 
qu alita tive evaluation of re la tiv e  flu o rescen t in ten sity  may not be valid . For 
exam ple, the m olecu lar weight of Iysozym e is  13, 000 and if it i s  assu m ed  
that in verta se  has a m inim um  protom er w eight of betw een 50, 000 and 2 5 0 ,0 0 0 , 
th is  would mean that the total flu o rescen t in tensity  would be 4 -1 9  tim es  le s s  
than that ob served  with Iysozym e. The above com m en ts a ssu m e  one polypeptide  
chain protom er and equal flu o rescen t in tensity  for  a ll "dansyl" am ino acid  
d er iv a tiv es .
H ow ever, in p ra ctice , it w as noted that the amount of "dansyl" d er ivative  
from  Iysozym e required to g ive chrom atograph ically  o b servab le  r e su lts  w as 
much le s s  than that required with in v erta se . In fact, the r e su lts  shown in 
T ab les VII and VIII w ere obtained using a total of 10 m g of hydrolyzed
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TABLE VI
Thin L ayer C hrom atography of H ydrolyzed  D an sylated  L ysozym e^
Channel DNS Sam ple Solvent Front 
(cm )
M igration
(cm )
R5
1 DNS-OH2 14. 0 10. 4 1. 00
2 LH3 13. 7 4. 1 . 39
3 DNS- (d i)L ys4 13. 3 4. 1 . 39
4 DNS- OH 13. 3 9. 8 1. 00
5 LH 13. 7 4. 2 .4 3
6 DNS- (d l)L ys 13. 8 4. 2 . 43
7 DNS-OH 13. 5 10. 5 1 . 00
8 LH 13. 6 4. 2 . 40
9 DNS- (di)NH2 13. 9 4. 2 . 40
1 C hrom atography of the h yd ro lysed  "dan syl” Iysozym e w as p erfo rm ed  at room  
tem p eratu re  on thtn la y er  p la te s  of S ilica  G el G, 0 . 25 m m  th ick n ess  with 
b en zen e:p y r id in e :a ce tic  acid  (40:10:1).
2
DNS-OH - l-d im eth v la m in o n o p h th a len e-5 -su lfp h o n ic  acid  
LH - T he d an sy la ted  Iy so zy m e h y d ro lysa te
4 D N S -(d i)L ys - The (d i)dan sylated  d e r iv a tiv e  of ly s in e  
® R -  R e la tiv e  m igration  with r e sp e c t to DNS-OH
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TABLE VII
Thin Layer Chrom atography of H ydrolyzed D ansylated Invertase*
Channel DNS D erivative R 1 R 2 R 3
1 Phenylalanine .6 4 * .6 8 ----- -----
2 M ethionine . 6 4 - .6 5 ----- -----
3 A lanine . 59- 61 ----- ----
4 T yrosine . 43 .5 7 - .5 9 -----
5 (d i)L ysine .5 7 - .5 9 ---- ----
6 Invertase^ .0 6 - .1 1 .2 1 - .  24 .3 6 - .3 9
R^, Rg, Rg - R elative m igration  with resp ect to DNS-OH
1 C onditions for chrom atography w ere  the sam e as  th ose d escr ib ed  in T able VI.
2
D ansylated in v erta se  w as hydrolyzed for 24 hours at 110 C in 6 N^HCl.
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TABLE VIII
Thin L ayer C hrom atography of H ydrolyzed D ansylated  In vertase*
A
Channel DNS Der ivative R 1 R2 R3
1 £ -L y s in e ----- ----- -----
2 T hreonine .1 7 - .  19 ----- -----
3 A sp artic . 08 ----- -----
4 S erin e . 15 ----- -----
5 In v erta se2 . 0 6 - .0 7 .1 9 - .2 0 .3 2 - .3 3
B
Channel DNS D eriv a tiv e R 1 R2 R 3
1 £  -L y s in e ----- ----- -----
2 T hreon ine  
& S erin e .1 8 - .  19 . 24 -----
3 In v erta se2 , 0 5 -. 06 . 1 9 - .2 6 .7 9 - .8 3
Rj_, R 2 , R3 - R e la tiv e  m igration  w ith r esp ec t to DNS-OH
* C onditions for chrom atography w ere  the sam e a s  th ose  d escr ib ed  in T able VI 
ex cep t that 0. 50 mm th ick n ess  S il ic a  Gel G w as u sed .
2 C onditions for h y d ro ly s is  of d an sy la ted  in v er ta se  w e re  the sa m e a s  th ose  
d escr ib ed  in T able VI.
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d er iv a tiv e  for  a n a ly s is . T he r e su lts  shown in T able VIII w ere  d er ived  from  
a d ifferen t in v er ta se  sam p le  but s t ill  req u ired  app lication  of a very  large  
aliquot of the orig in a l h yd rolyzed  d er iv a tiv e . T hus, it w as su rm ised  at the 
tim e that e ith er  the d an sylation  reaction  w as not o ccu rr in g  b ecau se  the 
m o lecu le  w as foided so  that the N -term in a l am ino acid  w as buried  or that the 
N -term in a l w as ch em ica lly  m asked  with carbohydrate, a form yl or an a cety l 
g rou p .
A tentative iden tifica tion  w as c a r r ie d  out for one of the flu o re sce n t sp o ts . 
T able VII. channel s ix . show s that th ree  sp ots w ere  ob served ; the m ost in­
ten se  spot (R j) rem ained  near the or ig in . Spots w ith re la t iv e  m igra tion s of 
. 2 1 -. 24 (R2 ) and . 3 6 - . 39 (R3 ) w ere  much le s s  in ten se  but w ere  e a s ily  o b se rv ­
a b le . T h ese  r e su lts  ind icated  that the sp o ts  w ere  not id en tica l to  "dansyl"  
d e r iv a t iv e s  of phenylalan ine, m eth ion ine, a lan in e, ty ro s in e  o r  (d i)ly s in e .
Other TLC in v estig a tio n s s im ila r ly  e lim in a ted  all o th er  am ino acid  d e r iv a tiv e s  
w ith the excep tion  of th reon in e and s e r in e , a s  shown in Table VIII. F lu o rescen t  
sp o ts  w ere  never  obtained from  the £  - ly s in e  standard. By p erform in g  further  
e x p er im en ts  in which s e r in e  and th reon in e w ere  run in the sam e cnannel it w as  
p o ss ib le  to  identify the R 2 spot as the "dansyl" th reon in e d e r iv a tiv e . R j and 
R 3 w e r e  not iden tified . B eca u se  of c h a r a c te r is t ic  sh ap es and c o lo r s  of the 
"dansyl" d e r iv a tiv e s  during chrom atography v isu a l o b serv a tio n  of the r e la t iv e  
m igration  of th ese  v a r io u s sp o ts  resu lted  in a m ore confident id en tifica tion  than 
the r e la t iv e  m igration  v a lu e s  would ind icate .
2. Edman M ethods. T he p ro ced u res  of K asper et a l. (1965) w ere
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em ployed  to iso la te  the N -term in a l of in v er ta se  a s  i t s  PTH d er iv a tiv e . 
C hrom atography on g la s s  paper of the PTH d e r iv a tiv e  rev ea led  four sp o ts , 
two of w hich wer e iden tified  a s  orig in a tin g  from  the p h en ylisoth iocyan ate.
The other two spots w ere  not iden tified  by g la s s  paper m ethods. Instead , the 
rem ain in g  d er iv a tiv e  w as hydrolyzed  in 6 . 0 N_HC1 and the r esu lt in g  resid u e  
d is so lv e d  in sam ple d ilu tion  buffer and analyzed  for  am ino ac id  content. The  
r e su lts  of th is  a n a ly s is  showed that ninhydrin p o s it iv e  peaks w ere  elu ted  on 
the am ino acid  a n a ly zer  at t im e s  corresp on d in g  to the retention  t im e s  of 
se r in e , g ly c in e , m eth ionine iso le u c in e  and leu c in e . T hose peaks w ith r e ­
tention  t im e s  co rresp on d in g  to g ly c in e , m eth ion ine, iso leu c in e  and leu cin e  
w ere  p resen t in tra ce  am ounts ( le s s  than 0. 005 U m o le s ) w hile  the " se r in e ” 
peak rep resen ted  0. 05 ^  m o le s  of am ino acid  from  the or ig in a l sa m p le  of 
0. 037 /J m o les  of protein . A ll ca lcu la tio n s  from  w eight of in v e r ta se  to m o le s  
of in v er ta se  w ere b a sed  on a m o lecu la r  w eight of 247. 000 (B raym er. unpub­
lish ed ) It should be m entioned that by the m ethods and equipm ent u tilized  in 
our lab oratory , the d ifferen ce  in reten tion  t im es  betw een  th reon in e and s e r in e  
w as only th ree  m in u tes, thus the peak m ay have been due to th reon in e. If the  
N -term in a l am ino acid  is  s e r in e  th ese  data would cer ta in ly  show that: a) the  
en zym e con ta in s only one kind of chain and b) that the m olecu lar  w eight of 
247, 000 u sed  in ca lcu la tin g  the num ber of m o le s  in the orig ina l sam p le  d oes  
not r ep resen t the m in im um  m o lecu la r  w eight of the enzym e.
T he above p ro ced u res  w ere  rep eated  with 0. 048 ju  m o le s  of purified  
in v er ta se . G la ss  paper chrom atography rev ea led  two m ajor sp o ts  and fiv e
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m inor sp o ts  a s  shown by the trac in g  In F ig . 1. The two m ajor sp ots w ere  
evidently  the sa m e contam inants as th ose  ob served  p rev iou sly  and resu lted  
from  the phenylisoth iocyanate reagent. B ecau se  of the num ber of sp ots and 
p o ss ib le  in ter !eren ce  from  the two contam inants, the rem ain ing sam p le w as 
hydrolyzed and am ino acid  a n a ly s is  p erform ed  on the resid u e. The control 
contained no com pounds which w ere  ninhydrin p o sitiv e . The resid u e  from  
sam ple h y d ro ly s is  revea led  an array  of am ino a c id s  with no com pounds with 
retention  tim es  s im ila r  to threonine o r  ser in e .
N -term in a l am ino acid a n a ly sis  w a s perform ed  using 0. 100 >U m o le s  
of protein  em ploying the p roced u res o f F raen k el-C on rat (1954). T he id en tifi­
cation a n a ly s is  of the ex tract from  th is  exp erim en t showed that very  lit t le ,  
if any, PTH am ino a c id s had been extracted . T hree sp ots w ere  ob served , 
one of which corresp on d ed  c lo se ly  to that of th reonin e, although a p o s itiv e  
identification  w as not p o ss ib le  b ecau se  of lack o f sam ple. E xtraction of 
four control paper s tr ip s  which had been carr ied  through the sam e procedure  
revea led  no sp o ts  o f any type.
3. C on clu sion s, The r e su lts  with both the liquid and so lid  phase  
m ethods of N -term in a l am ino acid  a n a ly s is  with ph en lisoth iocyanate w ere  
not co n c lu s iv e  and did not lend support to the in itia l h yp oth esis from  "dansyl"  
p roced u res that the N -term in a l w as threonine. The ev id en ce supported the 
con clu sion  that the N -term in al am ino ac id  is  ch em ica lly  covered . Although 
th is ev id en ce  i s  of a negative nature, two argum ents can now be offered  
leading to th is con clu sion . F ir s t , the PTH threonine spot ob served  during
Fig. 1. T racin g  of g la s s  paper chrom otography o f PTH d er iv a tiv e s .
N um bers to the top right of the traced  sp ots rep resen t re la tiv e  
m igration  with r e sp e c t to g lyc in e . C losed  c ir c le s  at the bottom  
of figure rep resen t the or ig in  of the sam ple. Chrom otography  
w as p erform ed  at room  tem p erature with n -heptan e:ch loroform , 
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the "dansyl" proced ure w as v ery  weak in com parison  to (d i)lysine d erivative  
obtained from  Iysozym e. Second, no d efin ite  N -term inal am ino acid could be 
iso la ted  by two proven p roced ures em ploying phenylisoth iocyanate. The data 
thus did not answ er any q u estion s concerning the number of d is s im ila r  poly­
peptide chains p resen t in the m olecu le .
B. C -term in a l Amino Acid Data. The enzym atic a n a ly s is  for the C- 
term in al am ino acid  o f in v er ta se  w as perform ed using a m ixture of both 
carboxy peptidase A and ca r  boxy peptidase B. The k inetic  data shown in Fig. 2 
in d icates that leu cin e and ser in e  w ere  re lea sed  in equal m olar qu antities and 
the reaction  appeared to be com p lete  by 36 hours. B ased on a m olecu lar
q
w eight of 247, 000, the orig inal sam ple used for  a n a ly s is  contained 2. 6 x 10 
j y  m o le s  of in v erta se . If it is  a ssu m ed  that the total C -term in al am ino acid  
has been r e le a sed  at 36 hours, then it can be ca lcu lated  that the total number 
of polypeptide ch a in s com p ris in g  the o ligom er is  24 -26 . F u rtherm ore, be­
cause apparently equal m olar am ounts of each C -term inal am ino acid , leucine  
and se r in e , w ere r e le a sed , it w as su ggested  that there are  two polypeptide  
chains and that they are p resen t in equal num bers, about 12-13 for each o ligom er  
of 247, 000 m olecu lar  weight. The m olecu lar  w eight of each polypeptide, if they 
a re  of the sam e s iz e , would be approxim ately 9 ,5 0 0 .
Although th ese  in itial data do not allow  for  an accurate appraisal of the 
exact num ber of protom eric  polypeptide chains, it s e e m s  to indicate that the 
m olecu le  i s  com posed of a num ber of p ro tom ers and that th ese  p rotom ers are  
made up of two d is s im ila r  polypeptide chains. The exp erim en ts to be d escr ib ed
Fig- 2. P lo t of }J  m o’e s  of am ino ac id  r e le a s e d  from  2 .6  x  10~**
JU m o le s  o f i u e r ta s e  by carb oxyp ep tid ase  A and carb oxyp ep tid ase
B. The rea ctio n  w as p erfo rm ed  in 0. 05 hi borate  buffer pH 8 . 5 
at 30 C. A liqu ots o f 0 . 5 m l w ere  taken from  the reaction  v e s s e l  
at the t im e s  ind icated , d ep ro te in ized  w ith TCA and analyzed  for  
am ino acid  c o g e n t .  L eu cin e (0), S er in e  (#).
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in the fo llo w in g  s e c t io n s , how ever, did not con firm  th is  in itia l h y p o th esis  of 
two d is s im ila r  polyp ep tid e ch a in s.
E x p erim en ts  p erform ed  u sin g  carb oxyp ep tid ase  B a lone ind icated  that 
th ere  w as not any r e le a s e  of C -term in a l am ino a c id s  and con firm ed  that the 
C -term in a l i s  not a b a s ic  am ino acid .
C. D ir ec t Separation  o f Subunit P o lyp ep tid e C hains. The ev id en ce  from  
C -term in a l a n a ly s is  ind icated  that the m o lecu le  con ta in s two d is s im ila r  poly­
peptide ch a in s. Thus d ir e c t  sep ara tion  w a s attem pted by th ree  m eth ods. It 
w a s an ticip ated  that the two ch a in s  m ight be jo in ed  by d isu lfid e  lin k a g es, 
th er e fo re , the f ir s t  two m eth ods w ere  p erfo rm ed  under red ucing  cond ition s  
to e lim in a te  th ese  p o s s ib le  lin k a g es. U rea w as used  in an attem pt to e lim in ate  
hydrogen bonding in a ll m ethods.
DEAE colum n chrom atography o f pu rified  in v er ta se  p erform ed  in the 
p r e se n c e  of u rea  and m ercap toeth an ol ind icated  that two s p e c ie s  of protein  
w e r e  being elu ted  (F ig . 3). D isk  e le c tr o p h o r e s is  of the fr a c tio n s  indicated  
that two s p e c ie s  w ere  indeed  elu ted  but that the sep ara tion  w as not su ffic ien t  
to w arrant fu rther a n a ly s is . S im ila r  sep a ra tio n  techn iq ues w ere  attem pted  
u sin g  C M -colum n chrom atography; how ever, in th is  c a s e  d efin ite  sep aration  
w a s not p o ss ib le  (F ig . 4). A m inoethylated  o r  carb oxym eth ylated  in v er ta se  
w a s not used  b ecau se  of p ro b lem s encountered  w ith  its  so lu b ility  in d ilu te  
buffer s y s te m s . All fr a c tio n s  appeared  to contain  equal am ounts of the 
s lo w e r  and fa s te r  m oving p ro te in  bands a s  r e so lv e d  on d isk  e le c tr o p h o r e s is .  
P rep a ra tiv e  g e l e le c tr o p h o r e s is  p erform ed  by the m ethods d e scr ib e d  in the
Fig- 3. P lo t of op tica l d en sity  (O. D , ) at 280 nm v e r s u s  fr a c tio n s  from  
DEAE colum n chrom otography of 10 m g of pu rified  in v e r ta se  in 
u rea  and m ercap toeth an ol. NaCl e lu tion  chrom otography w as  
p erform ed  at 4 C em p loy in g  0. 02 M T r is  buffer pH 8 . 0, 6 . 0 M  
u rea  and 0 . 001 M m ercap toeth an ol in the m ix er  and 0. 02 M T r is  
buffer pH 8 . 0, 6 . 0 M  u rea , 0. 001 M m ercap toethanol and 0. 3 M 
NaCl in the r e s e r v o ir . D ia g ra m s of d isk  e le c tr o p h o r e s is  from  
v a r io u s  fr a c tio n s  a re  shown in the bottom  half of the fig u re . B 
is  the brow n m arking band resu ltin g  from  an im purity  in the  
B ucrose so lu tion .
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F ig . 4. P lo t of o p tica l d en sity  (O. D . ) at 280 nm v e r su s  fra c tio n s  from  
CM colum n chrom otography of 2. 0 m g o f p u rified  in v e r ta se  in 
u rea  and m ercap toeth an ol. C hrom otography w as p erform ed  at 
4 C em p loy in g  0. 2 JM g ly c in e  buffer pH 2. 2, 6 . 0 u rea  and 0. 1 M 
m ercap toethanol in the m ix er  and 0. 2 ^  g ly c in e  buffer pH 2 . 2 ,
6 . 0 M u rea , 0. 1_M m ercap toethanol and 0 ,5  M NaCl in the r e s e r v o ir .  
D iagram s of d isk  e le c tr o p h o r e s is  o f the v a r io u s  fr a c tio n s  a re  shown  
in the bottom  half of the fig u re . B i s  the brown band r esu lt in g  from  
an im purity  in the su c r o se  so lu tion .
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m a te r ia ls  and m ethods sec tio n  did not aid in the sep aration  of subunit poly­
peptide ch a in s . A nalytica l d isk  e le c tr o p h o r e s is  o f th e  m ain elu tion  Peak III 
s t i l l  r ev ea led  two s p e c ie s  of p ro te in  a s  shown in F ig . 5. Peak I w as elu ted  
b efo re  the brown band norm ally  seen  in the a n a ly tica l g e ls , thus it did not 
o r ig in a te  w ith the in itia l in v e r ta se  sam p le . Peak n  w as the brown band 
o r ig in a tin g  from  the su c r o se  u sed  in la y er in g  the sa m p le  o v er  the stack ing gel 
and i s  id en tica l to the band n orm ally  used  a s  a m ark er in an a ly tica l d isk  
e le c tr o p h o r e s is  ex p er im en ts . It appeared , th ere fo re , that the two protein  
p eaks noted on the DEAE and CM co lu m n s w ere  the r e su lt  of so m e  type of 
aggregation  and not the r e su lt  of the reso lu tio n  o f two d is s im ila r  subunit poly­
peptide ch a in s.
D. D iagonal E le c tr o p h o r e s is . D iagonal e le c tr o p h o r e s is  w as undertaken  
to d e term in e  if d isu lfid e  lin k a g es  o f the type w hich  o ccu r  betw een  subunit 
ch a in s w e r e  p r e se n t in in v er ta se . T he d esign  of th is  exp erim en t depended  
upon the oxidation  of d isu lfid e  lin k a g es  betw een tw o d is s im ila r  peptide  
seq u e n c es . T h is  type of situation  could a r is e  in any one of th ree  ways:
(1) in terch a in  d isu lfid e  lin k a g es  betw een  two s im ila r  p o lyp ep tid es, (2 ) in ter ­
chain  lin k a g es  betw een  two d is s im ila r  p o lyp ep tid es a n d /o r  (3) intrachain  
d isu lfid e  lin k a g es . In all o f the above c ir c u m sta n c e s , p a ir s  of p ep tid es would  
be o b serv ed  m ovin g off the diagonal and would su g g e st that one o f the th ree  
ty p es  o f lin k a g es  above w as involved , even  though th e m ethod could not 
d istin g u ish  betw een them .
The diagonal e le c tr o p h o r e s is  p a ttern s used to identify c la s s e s  of lin k ages
F ig . 5. P lo t of op tica l d en sity  (O. D . ) at 280 nm v e r su s  fra c tio n s  from  
p rep a ra tiv e  d isk  e le c tr o p h o r e s is  of 15 m g of p u rified  in v er ta se . 
P o ly a cr im id e  g e ls  and the b u ffers used  w ere  id en tica l to th ose  
u sed  in the an a ly tica l p ro ced u res  ex cep t that urea w a s added to 
the g e ls  b efore  p o ly m er iza tio n . E le c tr o p h o r e s is  w a s p erform ed  
at 70 mA, 340 in itia l vo ltage  at 15 C for  24 hours. The c o lle c t in g  
flow  rate  w as adjusted  so  that 50 d rop s w ere  c o lle c te d  ev ery  10 
m in. Sam ple of in v er ta se  w as applied in a 6 . 0 M urea and 0. 1 M 
m ercap toeth an ol so lu tion .
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w ere very  com plicated . F igure 6 rep resen ts  one se t  of data obtained and 
Table IX p ro v id es a d escr ip tion  of the var iou s peptide groups found. T hese  
r esu lts  mean that d isu lfid e  lin k ages betw een d is s im ila r  peptide seq u en ces do 
occu r and may be noted in two c a s e s  <6A; 6A“ and 2A, 2A_ ). W hether 2A and 
2A~ a re  com posed  of two or four p ep tid es could not be defin ite ly  a scerta in ed , 
although the sp o ts  probably rep resen ted  only two peptides.
A s evidenced  by the number of peptides m oving off the diagonal, it 
appeared that approxim ately o n e-h a lf of the tryptic  peptides had been a ltered  
by the p erform ic  oxidation proced ure, and that th ese  pattern s resu lted  from  
g r o ss  oxidation of many p ep tid es. B a iley  (1967) has indicated that the action  
of p erform ic  acid  is  not lim ited  to c y stin e . He further notes that am ong the 
am ino a c id s  capable o f being con verted  to other degradation products a re  
tryptophan, m ethionine and tyrosin e .
E. Cyanogen B rom ide Fragm entation  of Invertase. Gel filtra tion  on 
Sephadex G-75 of the products from  the reaction  of in v erta se  with CNBr 
revea led  that the protein  had been sp lit into at le a s t  two p a rts , as indicated  
in Fig. 7. F raction  I eluted at the void volum e, thus it w as thought to have 
a m olecu lar  w eight exceed ing 50, 000. It w as co lle c ted  and subjected  to 
further CNBr treatm ent and then subjected  to gel filtration  on Sephadex G-75 
again. The F raction  I peak eluted  at approxim ately the sam e volum e a s  it did 
after  the f ir s t  CNBr reaction . T h is  indicated that no further fragm entation  
had occu rred . D isk e lec tr o p h o re s is  of the unfractionated CNBr fragm ents  
revea led  only one band which w as stained by Amido Black. The peak resu ltin g
F ig . 6 . T ra c in g  of tryp tic  p ep tid es  r esu lt in g  from  diagonal e le c tr o p h o r e s is  
after  p er fo rm ic  ac id  oxidation . One to th ree  m g of in v e r ta se  w as  
d ig ested  w ith  try p sin  and applied  to the o rg in  {•) near the c en te r  of 
the paper. E le c tr o p h o r e s is  w as p erfo rm ed  u s in g  pH 6 . 5 buffer  
(p y r id in e -a c e tic  a c id -w a te r , 25 :1 :225 , by vo lum e) at 15 -25  C for  
app rox im ately  45 m in. R esu ltin g  p ep tid es w e re  sta in ed  with a 
bu ffered  0. 3% ninhydrin in aceto n e  so lu tion .
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TABLE IX
D escr ip tio n  of P ep tid es  R esu ltin g  from  P e r fo rm ic  O xidation
Peptide
Group
Net C harge  
Initial
Net C harge  
A fter O xidation
R elated  
to Peptide
Diagonal
Peptide
OA + 0 ----- No
ID + + 1A + , 1A, 1A“ Y e s
1A+ + ID, 1A, 1A" No
1A 0 ID , 1A+ , 1A“ No
1A~ + - ID, 1A+ , 1A No
2D 4 + 2 A ,2 A “ Y es
2A + 0 2D, 2A“ No
2A ' + - 2D .2A No
6A + 6 A .6 A" No
6A + 0 6 A \ 6A~ No
6A~ + - 6A + , 6A No
3D ■t 4 - ----- Y e s
4A - 0 4D No
4D - - 4A Y e s
F + - + 5A, E" No
5A 0 F +, E“ No
E" - - F +,5A No
F ig . 7. P lot of optica l den sity  (O. D . ) at 280 nm v e r s u s  e lu tion  volum e  
from  a Sephadex G -75 colum n. The colum n contained reaction  
produ cts from  cyangen b rom id e trea tm en t of 10 mg of am ino  
eth ylated  in v er ta se . Colum n elu tion  w as perform ed  with 0 .2  M 
a c e tic  acid  at 4 C. Flow  ra te  w as 14 ml p er  hour and 3. 6 ml 
fra c tio n s  w ere  c o lle c te d .
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from  F raction  I i s  not qu ite a s  sy m m e tr ica l a s  that r esu lt in g  from  F ra ctio n  XI. 
F ra ctio n  III w as c o lle c te d  but rep resen ted  such  a sm a ll p ercen tage  o f the total 
m a ter ia l, that further a n a ly s is  w as not p o ss ib le .
To show fu rth er that F raction  1 had resu lted  from  CNBr c lea v a g e , an 
am ino acid  a n a ly s is  w as p erform ed  on F ra ctio n  1 and F ra ctio n  II and th ese  
r e su lts  a re  ind icated  in T ab le  X. It can be seen  that F raction  I c le a r ly  d o es  
not contain  the full num ber of am ino a c id s  that would be exp ected  in the intact 
m olecu le .
F u rth er  ex p er im en ts  w ith C N Br fra g m en ts  w ere  c a r r ie d  out u sin g  
Sephadex G -25 and two d ifferen t colum n e lu a te  d etection  s y s te m s . One 
m ethod u tilized  absorption  at 280 nm and the o th er  w as b ased  on a lk a lin e  
h y d ro ly s is  fo llow ed  by rea ctio n  with ninhydrin and ab sorp tion  at 570 nm. The  
r e s u lt s  (F ig . 8 ) rev ea led  the p r e se n c e  of th ree  ninhydrin p o s it iv e  p eak s and 
two s p e c ie s  w hich absorbed  at 280 nm . F raction  II w a s then su b jected  to gel 
filtra tio n  on Sephadex G -15. The d etection  sy ste m  w a s a lk aline h y d ro ly s is  
fo llow ed  by ninhydrin a s sa y . T h ese  r e su lts  a r e  shown in F ig . 9. It app ears  
that by th is  m ethod of e lu a te  m onitoring, th ree fragm en ts can be r eso lv e d  
in the F raction  II m a ter ia l. If the reso lu tio n  of the d etec tio n  m ethods a re  
va lid , then it would appear that CNBr c lea v a g e  r e s u lt s  in four fra g m en ts .
The s iz e  of one fragm en t i s  qu ite la rg e  com pared  to the oth er th ree , su g g estin g  
that the p lacem en t of m eth ionine groups is  not un iform  o v er  the en tire  p ro tom er. 
T h ese  r e s u lt s  su ggest that the p rotom er is  com p osed  o f one polypeptide chain  
with the N -term in a l fragm en t bein g  the third fragm ent in s iz e  and not reactin g
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TABLE X
A m ino A cid A n a ly s is  of C yanogen B rom id e F ra c tio n s
A m ino A cid
Am ino A cid R esid u es
F raction*
I
Fraction^
II T otal Native^
L ysin e 4 9 .4 1. 0 50 52
H istid in e 24. 0 0 24 24
A rgin ine 46. 0 0 46 50
A sp artic 2 1 1 . 0 6 . 6 218 168
Th eon ine 95. 2 3. 4 98 120
c ^rine 97. 6 8 . 3 105 119
G lutam ic 138. 0 9 .6 147 114
P ro lin e 6 6 .7 ----- ----- 80
G lycine 123. 0 23. 6 146 136
A lanine 124. 0 9. 5 133 110
V aline 9 9 .6 4 .5 104 103
Iso leu c in e 45. 3 1. 9 47 49
L eucine 122. 0 3. 5 126 103
T y ro sin e 42. 2 0. 9 43 54
P h en yla lan in e 88 . 0 1 . 6 90 61
1 A ssu m in g  no h istid in e  r es id u e  lo s s  to F raction  II, h istid in e  s e t  equal to 
24 r e s id u es .
 ^ C a lcu la tio n s b ased  on ly s in e  equal one r e s id u e .
^ U npublished r e s u lt s  of Z. D. M eachum .
F ig. 8 . P lot of optica l density  (O. D . ) at 280 nm (0) and 570 nm (•) v e r su s  
elution volum n from  a Sephadex G-25 colum n. The colum n  
contained reaction  products from  cyangen brom ide treatm ent of 
5 m g o f am ino ethylated in v erta se . The colum n elution  w as  
perform ed with 0. 2 M a cetic  acid  at room  tem perature. Flow  
rate w as 10 m l per hour. Two ml fraction s w ere  co llec ted  for  
optical density  reading and reaction  with ninhydrin.
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F ig . 9. P lo t of optica l d en sity  (O. D . ) at 570 nm v e r su s  elu tion  volum e
from  a Sephadex G -15 colum n. The colum n contained F raction  II 
from  the exp erim en t shown in F ig . 8 . Colum n elution  w as  
p erform ed  with 0 .2  M a c e t ic  acid  at room  tem p eratu re  and a flow  
rate of 10 ml per hour. Two m l fr a c tio n s  w ere  c o lle c te d  and 
0 . 1 ml w as used  in an a lk a lin e ninhydrin a ssa y .
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with n inhydr in  b e c a u s e  of ch em ica l  c o v e r a g e .  Since the e n zy m e  con ta in s  13 
m e th ion ine  r e s i d u e s  p e r  247, 000 m o le c u la r  weight ,  the o l ig o m e r ic  fo rm  of the  
e n zy m e  i s  p robab ly  co m p o se d  of four p ro to m er  s.
III. Data  R e la ted  to Min imum Molecula r Weigh* E s ' - n W ;on
As has  been  ment ioned  p rev io u s ly  the sed:rm ntat .on constant  of ’he 
native  i n v e r t a s e  m o lecu le  h a s  been found ex p e r im en ta l ly  to be 10. 3- 10. 7 for 
the heavy fo rm  and 5 . 3  for the lrgh* f o r m  of the m olecu le .  The m n h c u l a r  
weight of the heavy fo rm  h a s  been found exper  .ment ally to be 246, 800 {B ray m er ,  
unpub l i shed1,, t h e r e f o r e ,  it may b t  c a lc u la te d  f ro m  the s ed im en ta t ion  constant 
of the l ight fo rm  that  the m olecu lar  weight of th is  foi m is  81, 000 oi a p p r o x i ­
m a te ly  o n e - t h i r d  that of the n i ’ ive m o lecu le  Schachman,  1959:. if the 
t h e o r e t i c a l  c a lc u la t io n s  f r o m  5. 3 to the m o le c u la r  weight  a r e  c o r r e c t ,  a 
t r i m e r  enzym e  s y s t e m  would be sugges ted .  However Monod ct al. i l965 i  
have noted *hat most o l igom er ic  e n zy m e  s y s ' e m s  a i t  u ' h e r  d i m e r s  o r  ’et- 
r a m e r s ,  imply ing that the q u a t e r n a r y  s t r u c t u r e s  of these  p n  *e ns a i e  mostly  
c o n s t r u c t e d  by i so logous  po lym ei  iz l ’ lcn. To l e s e h e  th is  p ro b le m  it w as  
n e c e s s a r y  to d e t e r m i n e  the m .m m  m m olecu lar  weight of tht pro  t o m e  
subun i t .
A. Pep t ide  Mapping:
Pep t ide  m apping  te ch n iq u es  w e .e  employed  in an . " e m p t  *o idtn* fv 
the  n u m b e r  of t r y p t i c - , t ryp t ic -  p lus  cb y m o try p t . c -  a r g i n .m -  ty ro s .n e -  
and t ryp tophan -con ta in ing  pep t ides .  Table  XI shows the r e s u l t s  obta ined 
f r o m  t h e s e  e x p e r im e n t s .  The  mean  nu m b er  of tryptic  pep*:dcs obta ined w as
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TABLE XI 
R esu lts  from  Peptide Mapping
Number of PeptideB
D igest
Total A rginine T yrosine Tryptophan
T ryptic Range 28-50 5-7 9 -1 4 4-11
Tryptic Mean 35 (8 )1 6 (3) 11 (4) 8 (5)
T + C 2 Range 71-82 ----- ----- -----
T + Mean 79 (4) 9 (0) 13 (0) 10 (0 )
1 Number in p a ren th esis  in d icates num ber of rep itition s of each type 
of experim ent.
2
T + C = T ryptic p lus chym otryptic d igestion .
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35 w h ile  the m ean num ber of tr y p tic -  p lu s  r tiy inotryptic-p rod uced  p ep tid es  
w a s 79. The num ber of a rg in in e-co n ta in in g  p ep tid es  in each  d ig e s t  i s  shown  
in th is  sa m e  tab le. By com p arin g  the ex p erim en ta l r e s u lt s  of th is  tab le  with  
the th eo re tica l num ber of p ep tid es  exp ected  (T able XII), one should be able  
to a r r iv e  at an e s t im a te  o f the to ta l num ber of p r o to m er s  w hich c o m p r ise  the 
m o lecu le . T h is  tab le i s  co n stru c ted  a ssu m in g  a continuous polypeptide  
p rotom er — one which con ta in s only one polypeptide chain . If, in fact, two 
d is s im ila r  polypeptide ch a in s  c o m p r ise  the p rotom er, the th eo re tica l ran ges  
g iven  in th is  tab le  w ill be in c r ea se d  by one res id u e . T he m ean v a lu es  of 35 
and 79 obtained from  the tryptic  and tryptic  p ’u s chym otryp tic  d ig e s t  would  
su g g est that the m o lecu le  m ight be com p osed  of a tr im e r  but it should be ex ­
p la ined  that if  th e tryp tic  and ch ym otryp tic  rea c tio n s  did not p roceed  100% 
to  com p letion  then a high e s t im a te  would be exp ected , a s  shown in F ig . 10. 
N ote that the on ly  c a s e  in which a low er num ber of p ep tid es would be exp ected  
is  c a s e  D in w hich a p a r ticu la r  tryp tic  c le a v a f  e did not occu r. T h is  la tter  
p o ss ib ility , we fe e l , is  quite rem o te  compare*, to the o th er  e v en tu a lit ie s .
The num ber of ty r o s in e -  and tryptophan -contain ing p ep tid es s u g g e s ts  a four 
subunit arrangem ent; a lso , it  should be noted uiat, a s  exp ected , the num ber 
of tryptophan- and ty ro s in e -co n ta in in g  p ep tid es  is  low er in the tryptic d ig e s t  
than in the ch ym otryp tic  p lu s tryp tic  d ig e s t . It w a s not p o ss ib le  to g iv e  a 
r ea so n a b le  exp lanation  o th er  than p erh ap s a la. k of s e n s it iv ity  of the arg in in e  
d etectio n  rea c tio n  for  the low er  num ber of a rg i, in e -con ta in in g  p ep tid es. A ll 
ev id en ce  from  th ese  ty p es  of e x p e r im en ts  p o in t . to the strong p o ss ib ility  of a
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TABLE XII
A v era g e  R ange of Am ino A cid Containing P e p t id e s1
SUB­
UNITS2 M .W .3
N um ber o f P ep tid es
T ryp tic T+C4 A rgin ine T y ro sin e T iyptophan
1 247, 000 106-98 2 6 9 -2 4 3 5 1 -4 9 5 8 -5 0 39
2 1 2 3 ,5 0 0 5 3 -4 9 135-122 26-25 29-25 20
3 8 2 ,0 0 0 3 5 -3 3 90 -8 1 17-16 19-17 13
4 6 1 ,5 0 0 2 7 -2 5 67-61 13-12 15-13 10
5 4 9 ,2 0 0 2 1 -20 5 4 -4 9 11-10 12-10 8
6 4 1 ,0 0 0 18-16 45-41 9 -8 9 -8 7
7 3 5 ,1 4 2 15-14 38-35 7 -7 8-7 6
8 30, 750 13-12 3 4 -3 0 6 - 6 7 -6 5
9 2 7 ,3 3 3 12-11 30-27 6 -5 6 - 6 4
10 2 4 ,6 0 0 11-10 2 7 -2 4 5 -5 6 -5 4
1 The above tab le w a s co n stru cted  from  am ino acid  data given  in Appendix V 
and a s su m e s  that tryp tic  and ch ym otryp tic  d ig estio n  w as 100% co m p le te  at 
a rg in in e , ly s in e  and tryptophan, ty r o s in e , phenylalanine bonds r e sp e c tiv e ly .  
D ev ia tio n s in am ino acid  a n a ly s is  a re  r e f lec ted  in the ran ges g iven  for  each  
c la s s  o f p ep tid es.
2
Subunit r e fe r s  to a p ro tom er unit.
M .W . -  M olecu lar  w eight of m in im um  subunit p ro tom er.
4 T + C = T ryp tic  p lu s chym otryp tic  d ig estio n .
F ig . 10. D iagram  illu stra tin g  p o ss ib le  r e su lts  from  tryptic  d ig estio n .
P e r ce n ta g es  in d icate  the d eg ree  of com pletion  of a p articu lar  
c lea v a g e  rea ctio n . C losed  c ir c le s  on double lin e  rep resen t  
p o ss ib le  p o in ts  of tryp tic  c lea v a g e .
100% 100% 100% 100%
YIELDS FIVE PEPTIDES
5 0 %  10 0 %  100%  1 0 0 %
YIELDS SIX PEPTIDES
5 0 %  100%  100% 5 0 %
YIELDS SEVEN PEPTIDES
0% 100% 100% 100%
YIELDS THREE PEPTIDES
1 0 0 %  100%  5 0 %  5 0 %
YIELDS EIGHT PEPTIDES
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four subunit arran gem en t of the native m olecu le .
B. D iagonal E le c tr o p h o r e s is :
One diagonal e le c tr o p h o r e s is  exp erim en t which w as p erform ed  to d e­
term in e  the num ber o f m eth ionine p ep tid es in the tryptic  d ig e st of the m o lecu le  
i s  shown in F ig . 11. It can  be noted that th ree  o f the tryp tic  p ep tid es (A^, A2 
and A 3 ) a fter  rea ctio n  with iod oacetam id e have acqu ired  a p o s it iv e  ch arge  
ex ceed in g  that o b serv ed  during the f ir s t  e le c tr o p h o r e s is . The th ree  p ep tid es  
lab e led  B^, B 2 and Bg with p resu m ab ly  l e s s  p o s it iv e  ch arge o b serv ed  during  
the secon d  e le c tr o p h o r e s is  w ere  a ls o  obtained but w ere  not a s  stron g ly  sta ined  
with ninhydrin a s  the A group of p ep tid es. F rom  am ino a c id  data it h a s  been  
determ in ed  that the in v er ta se  m o lecu le  con ta in s 13it 1 m eth ion ine r e s id u e s  
p er m o lecu la r  w eight o f 247, 000, ind icating  that the m o lecu le  i s  com p osed  of 
fou r subu nits, each  contain ing th ree  m eth ion ine r e s id u es . T h is con clu sion  
w as reached  on the assu m p tion  that no p ep tides contain  m ore than one m eth ionine  
res id u e  and that the tryp tic  c lea v a g e  o ccu rr in g  on e ith er  s id e  of the m eth ion ine  
g o e s  to near 100% com p letion . T he data p resen ted  p rev io u sly  from  CNBr  
fragm en tation  would a lso  su g g est that the enzym e in c lu d es only th ree  m eth ion in e-  
contain ing d is s im ila r  p ep tid es, thus g iv ing added support to  the above  
co n c lu s io n s .
C. M olecu lar W eight E stim ation  by E le c tr o p h o r e s is :
B eca u se  an estim a tio n  of m o lecu la r  w eight of am in oethylated  in v er ta se  
had not been p o s s ib le  by su c r o se  d en sity  grad ien t or  gel f iltra tio n  m ethods, 
an attem pt w as m ade at th is  d eterm in ation  em ploying d isk  e le c tr o p h o r e s is .
F ig . 11. T r a d in g  of tryptic  p ep tid es resu ltin g  from  diagonal e le c tr o p h o r e s is  
a fter  iod oacetam id e treatm en t. One to th ree m g of in v er ta se  w as  
d ig ested  w ith tryp sin  and applied  to  the o r ig in  (0). E le c tr o p h o re s is  
w as p erform ed  u sin g  pH 3 .5  buffer (p y r id in e -a ce tic  a c id -w a ter , 
1:10:300, by volum e) at 15-25  C for ap p roxim ately  45 min.
R esu ltin g  p ep tid es w ere  sta ined  with a bu ffered  0. 3% ninhydrin  
aceton e solution .
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Figure 12 show s the r e su lts  of th is  exp erim en t in which the m olecu lar w eight 
of the am inoethylated in v erta se  w as determ ined  to be 67, 000. Two other sp e c ie s  
with m olecu lar  w eights of 190, 000 and 300, 000 w ere  a lso  noted but w ere  outside  
the range 15, 000 -90 , 000 in which the log of the m olecu lar  w eight is  lin ear  with 
resp ec t to re la tiv e  m igration o f the protein  in the p o lyacrim id e gel. A value  
of 67, 000 i s  v ery  c lo s e  to that expected  if the m olecu le  w ere  com posed o f four 
subunits. H ow ever, it m ust be rea lized  that the application of d isk  e le c tr o ­
p h o res is  for m olecu lar  w eight d eterm ination  i s  re la tiv e ly  new and co n c lu sio n s  
from  such data m ust be view ed with som e caution.
D. E lectron  M icroscop e Studies:
It w as hoped that the d ir e c t observation  of the enzym e under the e lectron  
m icro sco p e  would re so lv e  the qu estion  of w hether the o lig o m er ic  sy stem  w as 
one involving a tr im er  or a te tra m er  a sso c ia tio n . The r e su lts  obtained from  
th ese  stu d ies seem ed  only to com p lica te  the problem . What w as ob served  w as 
a " tr im er-lik e"  arrangem ent o f the type shown in Fig. 13. The 'subunits' 
indicated by the capital le t te r s  A and B do not n e c essa r ily  sign ify  s im ila r  or  
d is s im ila r  protom er a but serv e  only to label the v ar iou s p arts of the stru ctu re  
for d iscu ssio n . It is  d ifficu lt to a ss ig n  a m olecu lar  w eight value to the s tru c ­
ture shown, but it w as p o ss ib le  to m easu re  the d iam eter  of the A and B sp h eres  
as being approxim ately  50 R and the length of one sid e  a s  100 R.  It may be 
that each subunit sphere A or  B i s  actually  the 247, 000 m olecu lar  w eight 
sp e c ie s  or  it could be that th ese  sp h eres  a re  the p rotom ers which have aggre­
gated to form  the native m olecu le . The orig in  of the " tr im er-lik e"  arrangem ent
Fig. 12. P lo t o f logjQ m o lecu la r  w eight v e r s u s  re la tiv e  m igration  of 
in v e r ta se  in p o ly a cry la m id e  d isk  g e l e le c tr o p h o r e s is . G els  
w ere  the sa m e a s  th ose  n orm ally  used  during an a ly tica l d isk  
e le c tr o p h o r e s is  ex cep t fo r  the addition of 0.5%  sodium  
d o d ecy lsu lfa te . R e la tiv e  m igration  i s  with r e sp e c t to 
hem oglobin .
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Fig. 13. E lectron  photom icrograph of " tr im er-lik e"  stru ctu re  view ed  
at 2, 300, 000 m agn ification . T he photom icrograph w as taken  
of a so lu tion  of in v e r ta se -  s i lv e r  n itrate  on a 300 m esh copper  
grid .
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shown in the e lec tro n  photom icrograph m ay be exp la in ed  in four ways:
(1) The tr im e r  m ay have been  the r e su lt  o f breakage during the drying  
of the n egative  sta in  o f weak n on -cova len t bonds betw een the B subunits. 
T h eo retica l co n s id era tio n s  of Monod e t  al. (1965) ind icate that protein  o lig o ­
m e r s  m ay e x is t  a s  tr im e r s  in the n ative s ta te , provided  that stru ctu ra l 
con d ition s n e c e s sa r y  fo r  a c lo se d  h etero lo g o u s a sso c ia tio n  a re  sa tis f ie d .
(2) The stru c tu re  m ay be the rem a in s of a h etero lo g o u s te tra m er  
a sso c ia tio n .
(3) What ap p ears to be a tr im e r  m ay actu a lly  be a tw o -d im en sio n a l 
p rojection  of a te tra m er  in an iso lo g o u s  a sso c ia tio n . T h is  explanation  would  
req u ire  that a fourth subunit be p laced  behind the A subunit shown in the  
figu re .
(4) The stru ctu re  in the fig u re  m ay be an isologour. a sso c ia t io n  b e­
tw een two p ro to m ers. T his i s  p o ss ib le  b eca u se  w ithin a s in g le  p ro tom er  
unit th ere  a re  two c la s s e s  of binding groups: (a) th o se  which a re  involved  in 
stron g  in te r a c t io n s - - s a lt  lin k a g es  and hydrogen bonding— and (b) th o se  which  
a re  re la t iv e ly  w eak— for exam p le  Van d er  W aals fo r c e s . When two p ro to m ers  
in tera c t, so m e a r e a s  of the m o lecu le  should be held m ore firm ly  in p o sition  
than oth er a r e a s  and could lead  to a stru ctu re  see n  in the e le c tr o n  m icrograp h .
Although the m ethod did not d istin g u ish  betw een the tr im e r  and te tra m er  
p o s s ib il i t ie s ,  it did ind icate that the m o lecu le  d o es  p o s s e s s  p h y sica l 'subunits' 
although ju st how th ese  'subunits' a re  arran ged  in the native m o lecu le  w a s not 
rev ea led  co n c lu s iv e ly .
SUMMARY
In su m m a riz in g  th is  r e se a r c h , an attem p t w ill be m ade to d e sc r ib e  a  
m od el c o n s is ten t with the data obtained to date. T he author d o es  not in any 
way m ean to im ply  that th is  i s  the on ly  p la u sib le  m od el, for  it  i s  r e a liz e d  that 
fu ture in form ation  m ay c a u se  m in or a lte r a tio n s  or  even  d r a stic  rea p p ra isa l 
o f the m od el. A s in m o st m o d els , d e fin itio n s and a ssu m p tio n s m ust be a c ­
cepted  b efore  a rea so n a b le  ag reem en t of the data w ith the m od el is  p o ss ib le .
The te r m s  o lig o m er , protom er and m onom er are  used  w ith the m eaning  
im p lied  by Monod et a l. (1965). F u rth er, w e have a ssu m ed  that the o lig o m er ic  
in v er ta se  m o lecu le  i s  involved  e x c lu s iv e ly  in iso lo g o u s  a s so c ia tio n s  which  
a u to m atica lly  lim it the p o s s ib le  quaternary arran gem en t to d im e r s  or  te tr a m e r s  
a s  p rop osed  by Monod et a l. (1965). H ow ever, H anson (1966) h a s su g g ested  
that iso lo g o u s  a s so c ia tio n s  a r e  p o ss ib le  lead in g  to m o re  than four p ro to m er ic  
arra n g em en ts  and has c ited  an exam p le  of a p o ferr itin  w hich con ta in s 20  
p ro to m er ic  subunits (Hanson, 1968).
F igu re  14 sh ow s a d iagram  o f the in v er ta se  m o lecu le  c o n s is te n t with  
a m ajority  of the data p resen ted  in th is  d is ser ta tio n . The o lig o m er  is  an 
iso lo g o u s  te tr a m e r ic  arran gem en t of fou r p ro to m ers  w ith m o lecu la r  w eigh ts  
betw een 60, 000 and 70, 000. The p ro to m ers  c o n s is t  of one polyp ep tid e chain  
with the N -term in a l am ino acid  b ein g  c h em ica lly  co v ered . P la cem en t of 
m eth ion ine r e s id u e s  a re  in d icated  by an (•) . The m onom er i s  thought to 
contain  in trachain  d isu lfid e  lin k a g es, w h ile  the nature o f the bonding betw een
Fig. 14. D iagram  of N eurospora in v erta se  showing the o lig o m er ic  and 
protom eric  form s. M ethionine r es id u es  a re  rep resen ted  a s  (•)  
Intrachain d isu lfid e  lin k ages are  not n e c e ssa r ily  position ed  in 
the p la ces  indicated in th is  d iagram . The N -term in a l am ino  
acid  is  ch em ica lly  blocked.
T H E  o l i g o m e r :
M.W. 2 4 6 , 8 0 0
T H E  P R O T O M E R  A :
M.W. 6 1 , 8 0 0
9 -9
H O O C  '— L i *
» •
9 - 9
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the individual p ro to m ers  w as not d eterm in ed .
That the N -term in a l am ino a c id  is  c o v er e d  w as supported by the 
following; o b serv a tio n s . A fter  d an sylation  and h y d ro ly s is  of pu rified  in v e r ta se , 
th ree f lu o re sce n t sp o ts  w e r e  found upon chrom atography with thin la y er  p la tes  
o f S ilica  Gel G. One of th ese  sp o ts  w as id en tified  a s  being threonine; h ow ever, 
the in ten sity  of the sp o ts  w a s much l e s s  than the in ten sity  of th ose  which had 
been o b serv ed  with N -term in a l am ino ac id  d er iv a tiv e  from  ly so zy m e . T h is  
ied  to the in itia l h y p oth esis  that the N -term in a l am ino acid  w a s ch em ica lly  
co v ered . T h is  h y p oth esis  w a s stren gthened  w hen two Edman m eth ods fa iled  
to rev ea l a PTH am ino ac id  d er iv a tiv e  from  the p rote in . Thus w e have no 
stro n g  ev id en ce  to o ffer  co n cern in g  the nature of the N -term in a l am ino acid  
r es id u e  excep t that it would appear that it i s  c h e m ic a lly  co v ered  with e ith er  
a carb ohydrate, a cety l or form yl group. T h is  con clu sion  i s  stren gth en ed  by 
noting that one of the C N Br fra g m en ts  fa iled  to r ea c t with ninhydrin, again  
ind icating  co v er a g e  of the N -term in a l res id u e . The fact that the N -term in a l 
peptide d o es  not react w ith ninhydrin could aid in its  future id en tifica tion  and 
iso la tio n . N -term in a l am ino ac id  a n a ly s is  did not an sw er any q u estion  con ­
cern in g  the num ber of d is s im ila r  m on om ers w hich co m p r ise  the p ro to m eric  
unit.
C -term in a l am ino acid  a n a ly s is  ind icated  that the p ro tom er w as com posed  
of two d is s im ila r  m on om ers and su g g e s ts  that the m o lecu la r  w eight of the two 
com bined w a s ap p roxim ately  19, 000. A ttem p ts to con firm  th e se  r e s u lt s  from  
C -term in a l a n a ly s is  by sep ara tion  of the two m on om ers u s in g  CM- and D E A E -
8 2
c e llu lo s e  chrom atography w ere  not su c c e s s fu l. F u rth err 'o re , the C -term in a l 
a n a ly s is  ind icated  an o lig o m e r ic  sy s te m  com p osed  o f tw e lv e  p ro to m ers. T h is  
type o f arran gem ent is  not supported by r e s u lt s  from  peptide-m ap ping  tech ­
n iq ues nor by d iagonal e le c tr o p h o r e s is  ex p er im en ts  p erform ed  w ith io d o a cet-  
am ide. N eith er  i s  it substan tiated  by C N Br fragm en t data.
D iagonal e le c tr o p h o r e s is  p erfo rm ed  w ith  p erfo rm ic  a c id  ind icated  
that so m e  type o f d isu lfid e  lin k a g es  betw een  d is s im ila r  peptide seq u en ces  
w ere  p resen t but w e fe e l that th e se  probably r e s u lt  from  in tracha in  lin k ages  
rath er  than in terch a in  lin k ages.
CNBr fragm entation  gave the m o st u sefu l inform ation  obtained during  
th is  in v estig a tio n . F ir s t  it ind icated  that the m onom er w as com p osed  o f only  
one chain . T h is  con c lu sio n  w as a rr iv ed  at by noting that fou r fra g m en ts  w ere  
obtained and that the am ino a c id  data show ed 12-13  m eth ionine r e s id u e s  to be 
p resen t in the total m o lecu le . The on ly  co n ceiv a b le  way that four fragm en ts  
could be obtained from  a two m onom er arran gem en t w ithin the p rotom er is  for  
the m o lecu le  to be com p osed  of s ix  p r o to m er s , each  contain ing two m eth ionine  
r e s id u e s . P ep tid e-m ap p in g  data do not support a  s ix  p rotom er arrangem en t, 
nor do the data from  m eth ion ine d iagonal a n a ly s is . A m odel involv ing one 
m onom er p er  p rotom er s a t is f ie s  the data m uch b e tter  and su g g e s ts  that the 
o lig o m er  is  an arran gem en t of four p ro to m ers.
By noting the data from  p ep tid e-m ap p in g  tech n iq u es, we have a rr iv ed  
at the co n c lu sio n  that the o lig o m e r ic  m o lecu le  is  an arran gem en t o f four 
p ro to m ers. A lthough the m ean num ber of tryptic  p ep tid es obtained su ggested
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a tr im e r  arran gem en t, th ese  r e s u lt s  w e re  not re in fo rced  by o th er  m apping  
tech n iq u es and r ea so n s  for  the p o ss ib le  high num ber of tryp tic  p ep tid es  have  
been d isc u sse d . M ethionine d iagonal e le c tr o p h o r e s is  data ind icate that th ree  
m eth ion in e-con ta in in g  p ep tid es w ere  p r e se n t in the m o lecu le  and by d ivid ing  
th is  num ber into the total m eth ionine r e s id u e s  per 2 4 7 ,0 0 0  m o lecu la r  w eight, 
one can again  e a s ily  a r r iv e  at the con c lu sio n  that the m o le c u le  is  com p osed  
of a four p ro tom er arran gem en t.
M olecu lar w eight d eterm in a tio n s em ployin g  d isk  e le c tr o p h o r e s is  have  
shown that the m o lecu la r  w eigh t of one of the Am ido B lack  sta in ed  bands i s  
67, 000. T h ese  data a lso  su g g est an o lig o m e r ic  arran gem en t based  on a 
te tr a m e r ic  sy ste m .
E lectron  m icrograp h s rev ea led  a stru ctu re  w hich appeared  to have  
a tr im e r - lik e  or te tr a m e r ic  arran gem en t.
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Appendix I 
Growth M edia P rep ara tion
1% S u cro se  S lan t?: (For 50 s la n ts)
a. 5 .0  g m s su c r o se
b. 7 .5  g m s agar
c. 10. 0 ml V o g e l's  50X
d. 490 ml H2 0  
One L iter  F la sk  Culture:
a. 10 ml su c r o se  so lu tion  (3 g m s / 10 m l, au toclave  sep a ra te ly )
b. 6 m l V o g e l's  SOX
c. 284 m l H2 0
b and c  autoclaved  togeth er  fo r  15 m in b e fo re  adding a 
F ive  G allon Carboy:
a. 1000 ml su c r o se  so lu tio n  (1 gm / 1 0  m l, autoclaved  sep a ra te ly )
b. 200 m l V o g e l's  50X
c . 8800 ml H2 0
b and c au toclaved  togeth er  for  one hour b efo re  adding a
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Appendix II
P rep ara tion  of V o g e l's  50X Salt Solution
Into 750 ml of d is t i l le d  H2O d is s o lv e  the fo llow in g  a n a ly tica l rea g en ts  
s u c c e s s iv e ly  to avoid precip ita tion:
Sodium  c itr a te  2 HgO or: 124 g m s
Sodium  c itr a te  ■ 5 H2 O 150 g m s
KH2 PO4 (anhydrous) 250 gm s
NH4 NOg (anhydrous) 100 g m s
MgSO^ ' 7 H20  10 g m s
C aC l2 ' 2 H2 0  (add in 20 ml H2 0 ) 5 gm s
T ra ce  e lem en t so lu tion  5 ml
B iotin  so lu tion  2 .5 m l
CHCI3 2 ml
S tore  at room  tem p eratu re .
T ra ce  e lem en t solution:
Into 95 ml of d is t il le d  H2 Ot d is s o lv e  the fo llow in g  in g red ien ts  s u c c e s ­
s iv e ly  at room  tem perature:
C itr ic  ac id  1 HoO 5. 00 g m s
Z n S 04 ‘ 7 H2 0 5. 00 gm s
Fe(N H 4)2(S 0 4 ) ■ 6 H2 0 1 .0 0  gm
CuSO. 5 H0 0  4 2 0. 25 g m s
M nS04 • H20 0. 05 gm s
H3 B 0 4 (anhydrous) 0. 05 g m s
N aM o04 ' 2 H2 0 0. 05 gm s
CHCI3 1 .0 0  ml
S tore  at room  tem p eratu re .
B io tln  so lu tio n :
D is so lv e  5. 0 m g of M erck  biotin  in 50 ml H2 0 . D isp e r se  in a  te s t  tube 
and s to r e  frozen .
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Solution A:
Solution B.
Solution C
Solution D
Appendix TI 
R eagen ts for Lowry P ro te in  D eterm in ation
1000 ml H2 0  
4 g m s NaOH 
20 gm s N a2COg
100 m l H20
1 gm Na c itra te  
0. 5 gm  CuSO^ 5 HgO
50 ml so lu tion  A 
1 ml so lu tion  B
H20  : F o lin  R eagent (1:1, by vol)
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Appendix IV
Growth and In v erta se  P rod u ction  of N euroapora c r a s s a  Strain  LSD 
Grown on V ariou s Carbon S ou rces*
Carbon Source
H ours of2 
Growth
Dry W eight^ 
(mg)
4
S p ecific
A ctiv ity
1. 5% L a cto se 79 519 253
1. 5% L a cto se 96 761 171
1. 5% S u cro se 96 687 62
1 .5% G alactose 96 519 264
1 U npublished data supp lied  by H. D. B raym er.
9
Growth w a s in a station ary  cu ltu re .
Dry w eight d eterm in ed  on ly o p h ilized  m y ce lia l m at.
 ^ S p ec ific  a c t iv it ie s  d eterm in ed  a s  d e scr ib ed  in m a ter ia ls  and m ethods  
sec tio n  of th is d is ser ta t io n
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Appendix V 
Am m o A cid  C om position  of In v e r ta se 1
A m ino A cid2 X 0" resid u e resid u e T T est
L ysin e 49. 14 2. 69 52 1 3 NS
H istid ine 22 71 1 31 24 :  i NS
A rgin ine 46. 85 1. 35 50 _ i NS
♦G lucosam ine ----- ----- 23 !  2 —
A sp a rtic  A cid 157 66 8. 60 168 : 9 S
♦Threonine 112 .12 8. 70 120 !  9 —
♦Serine 1 1 1 .75 6. 50 119 t  7 —
G lutam ic A cid 10 7 .0 0 8 00 114 !  9 s
P ro lin e 75 33 3. 63 80 :  4 NS
G lycine 12 7 .6 6 7. 46 136 :  s s
A lanine 103 .16 5. 94 110 !  6 s
V aline 96. 33 6. 72 103 NS
♦M ethionine ----- ----- 13 1 1 —
Iso leu cin e 46. 16 3. 43 49 1 4 NS
L eucine 96. 83 5. 81 103 t  6 S
T y ro sin e 51. 50 3. 59 54 : 4 S
Phenyla lan ine 57. 66 4. 89 61 :  5 s
Tryptophan ----- ---- 39 - - —
1 U npublished data supplied  by Z. D. M eachum
2 U n le ss  ind icated  by (•>. the v a lu e s  rep resen t the a v era g e  of at le a s t  two
independent h y d ro ly sa te s  run for  each o f the th ree  t im e s - -  2 4 ,4 8 a n d 7 2  h rs.
T h ose ind icated  by (*) r ep re sen t ex trap o la tion  to a zero  h y d ro ly s is  tim e va lu e . 
Tryptophan w as d eterm in ed  u sin g  the re la tio n sh ip  of Goodwin and M orton  
(1946):
m o le s  tryp. =■ m o les  ty ro s in e  x  0 .7 1 9 .
T he num ber of yUmoles of each am ino acid  in the sam p le  w as divided by the num ber  
of jj m o le s  o f en zym e in the sam p le  to g iv e  r e s id u e s /m o l.
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